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INTRODUCTION 


The SYSTEMS GROUP proudly presents the FDC-2800 and FDC-2801 floppy disk 
controllers. These controllers have architectures designed to implement 
powerful, cost effective and reliable floppy disk-based systems. The con- 
trollers feature full IEEE S-100 bus compatibility, 4-MHz bus operation, 
single or double density modes, support 8" or 5-1/4" floppy disks and 
allow high track densities. These features, along with the Systems Group 
reputation for high quality products, make the FDC line of floppy disk 
controllers the choice for the next generation of microcomputer systems. 


The FDC~2800 floppy disk controller is designed to simplify interfacing 
with — and optimize the performance of -- CP/M, MP/M and other existing 
operating systems. The FDC-2800 offers two modes of operation. The first 
is called the direct programmed I/O mode. This mode allows for transfer 
of data to or fran the floppy disk through an I/O device under control of 
the system CPU. The second mode allows for data to pass through a trans- 
parent sector buffer for use by the system CPU. 


The transparent sector buffer on the FDC-2800 is a feature that allows the 
sector buffer to be placed. in systen memory without creating software com 
plications. The buffer is controlled by I/O instructions from the CPU. 
This controls whether the sector buffer is disabled or enabled. The sec- 
tor buffer control function allows for easy implementation of a full 64- 
kilobyte memory system. 


The FDC-2801 device is tailored to be an extremely cost-effective disk 
controller for CP/M and other single-user operating systems. The FDC-2801 
floppy disk controller differs from the FDC-2800 in that it has a single 
mode of operation: the direct programmed I/0 mode described above. 


Both floppy disk controllers include a data separator, which is designed 
to optimize data reliability and transportability. In addition, this de- 
sign feature adds the the capability to utilize many different manu- 
facturers' disk drives. During intensive laboratory testing —- consisting 
of hundreds of billions of data operations -- the data separator has been 
proven to be a critical factor in allowing disk drives to meet or exceed 
their specified error performances. 


CP/M and MP/M are registered trade- 
marks of Digital Reseach Corporation. 


SYSTEMS GROUP Technical Manual 


ii 


FDC-2800/2801 Floppy Disk Controller 
Introduction 


SYSTEMS GROUP Technical Manual 


FDC-2800/2801 Floppy Disk Controller 
Table of Contents 


TABLE OF CONTENTS 


INTRODUCTION eeoeeeeecenees eee ees eeeeeeeeeeeeeeeeeeeeeeeeeeseeoee 
TABLE OP (CONTENTS | c's. :4-pieo'Ge sie pwiw sin og ddd aialaaie beiwie nose sala ware 
~CHAPTER 1 PERFORMANCE SPECIFICATIONS 


CHAPTER 2 GENERAL DESCRIPTION . 
bee Ze FEATURES eeeevane eee eee en ee 8 O68 66486 E688 F88C 84H HEB 8 Oe 
2.2 OPERATION CHESS HS SHEESH HSSSHESSEHSHSHHSHSHHSHHSHSEHHEHSH OHHH HHHHHS 


CHAPTER 3 HARDWARE JUMPER OPTIONS 

3.1 JUMPER AREA "A" —— Ready Signal Selection .......ceaee 
3 1.1 Description e@aeeeseeaeeevneeoeeeoaeeeeeeeeeaeeoeeeeeee 
Le2. ‘SUMMA Y. 6:6 aia a:eie 6 lose 18 6'6:.0:008 10;6.0/0:020;6 0:6'6,6:0'0:06 006 Wei0i 
1.3 Layout SESSA SSESSEHES HEHEHE HHEHEEEHSHEHHHHHSHEHSHEHHSHHS 
3.2 JUMPER AREA "RY — Zero Compensation Jumper ecereeevene 
3.2.1 DeSCLIPtioN ...cccccccrccccvccccccccccccesvcses 
Soden. “SUMALY 46 vidsiasisc ced seceavewswasetewese se eues 
3.2.3 LAYOUT ccc ccccccccccccccccccccccccccccsccsccces 
3.3 JUMPER AREA “C" -—— EPROM Enable/Disable ......ssceeoes 
DESCTFiption .eccsccccccncccccccccccccccccecscce 
SUMMALY weccssccccccccccccces eer cc ccc cccevecces 
1-0) S| 
AREA "D" —= EPROM Boot Enable .....ccccccccsece 
DESCYIPLCION ..cccccccccccccccccccccccccncccsces 


Summary @eeeeeeeeoseeeereeeeeeeseeeseaseeeeeeeeoeeee 


la Ww 
ee 
eo. 
Wrpok 


3.4 


Bet tits 
° a 


Wy WW 
° 
Wb 


LAYOUT cccccccccccccccccvccccccccccecccccvenses 
AREA “E" ~—= uPD765A Clock Selection ........... 
DeSCription ..cccccscccscccccce 6 31's) Giee'wieelein ee. e'ee 
SUMMALY cee ccccccccvcccccccs secre cccccccccoceen 
LAYOUT cesccccccccccccccccccccccsccccccssscnccs 
AREA "FY -—— Memory Address BaSe@ .....sseecceces 
DESCription .ssccsccccccccccccccsccccccsccceses 
SUMMALY coccccccccccccccccccccccccccsscccccsees 
LAYOUT cocccccccccccccccccsccccccsercscensenese 
AREA "H" — I/O Address Selection ...cccscsecce 
DESCLIPCION .ccccccccccevccvccccscccscscccveses 
SUMMALY ceccccccccccccccccccccccccesccccesccces 
LAYOUT ceccccccccccccccccccccccccrcesessscsaces 


3.5 


= 
vig 


wun 


3.6 


Bw 


W Ww 
° e ° 
OV VON 
e e 
Wr 


3.7 


¢ 
E 


Ww Wo us 
s~~ 
[ 
Whe 


SYSTEMS GROUP Technical Manual 


iii 


iii 


2-1 
2-2 


3-1 
3-1 
3-1 
3-1 
3-2 
3-2 
3-2 
3-2 
3-3 
3-3 
3-3 
3-3 
3-4 
3-4 
3-4 
3-4 
3-5 
3-5 
3-5 
3-5 
3-4 
3-6 
3-6 
3-6 
3-7 
3-7 
3-7 
3-8 


iv FDC-2800/2801 Floppy Disk Controller 
Table of Contents 


3.8 JUMPER AREA "J" — OT Write Pre-compensation ......... 3-9 
3.8.1 Description ........ fe ve leatere 6.5 0 ie lavekeueiete Sattievesera reece, So 
Be 8e2 “SUMMALY 0 ieo:s eae. o. sin oe 6 0ie ee aioe sie wre tia 66a S'0 siwie'e deals 3-9 
350.3. LAVOUL Gait euat esas cuasaiee es suaciemboeinae cas Goee 
3.9 JUMPER AREA "K" — IT Write Pre-compensation ...... os. 3-10 
3.9.1 Description .......... sein leieia fsa (eres atereieie eo 'siaievavere 3-10 
3.9.2 Summary .........000- sreinelgrevefe’e sie 'eieereia s¥eretsieeiels ers 3-10 
Bie9.53 “LA YOUE! Sic eva, eve/oieie ete ota’ s 9:0) 6168 Siete ,0,0!0ve.4-o-e'eie siete erereys? LO 
3.10 JUMPER AREA "L" —— Wait State Selection ............. 3-11 
3210.1 “DESCLIDEION: «Sucrose Sines eaceseomeseseewese ee: Salt 
Sel s2 GUMSALY: s4ccc eee cenotaueesowtasseciess eae eaade ool 
3.10.3 Layout ....cccesccccccccs ob cloves dielevelea sieisvaicatetees Got 
3.11 JUMPER AREA "M" —- Interrupt Selection .....cscesseee 3-12 
3.11.1 Description ..........200. Sidievaieielerevararne es ae sees 3-12 
3.11.2 SUMMALy ...ccsccccccccccscccccccccscccccessece Su1LZ 
Sols ALAYQUE owas eaieue cee sewa i wies sees e ceeeewen Sole 
3.12 JUMPER AREA "N" —— PHANTOM Selection ....cceeeseeeeee 3-13 
3.12.1 Description .........ceeenee Nierewleraeie saree eeclieee Sr LS 
3.12.2 SUMMALy ..ccccccccccccccccccccccccsccesccesces Sm1L3 
3.12.3! Layout) ssdenendes scene bok sew awa vevestewereeeae S71S 
3.13 JUMPER AREA "P" —— MWRITE Selection ......cccceecseee Jnl4 
3.13.1 Description ....ccccscccccece stueweawecise senese: SU 
3.13.2 SuUMMALY 2... cece ccc ccccccccccccscccvcccccces SHLAA 
3.13.3 Layout ........-.202- ee re rE eee eT ae ge 
3.14 JUMPER AREA "R* ——- Reset Signal Selection ........ oes 3-15 
DAT. “DeSCKIPCION Saecuass sseiss see eb sens eesbceeees 37LO 
14.2 Summary 2... cccccccccccccscccssccccecescccesee SLD 
TASS? “SLAVOUG: < secctjiese ei oe ce ieee ce csausanieseseseews Sh to 


CHAPTER 4 THE 


ot: 
BR 


RECORDING THEORY ..ccccccccccccccccccsccsscssscee 4-1 
el EM and MEM Encoding Methods ........ccccceceeee 4-1 
~2 Media Bit Shift Phenomenon ....cccccccccsecceee 452 
-3 Standard Floppy Disk Track Formats .........2+- 4-3 
IPTION OF CIRCUIT BLOCKS ...ccsccccece SeSstettiecess “4=5 
1 Address Buffers and LatcheS ....cccccceccececee AD 
2 Interrupt MASK. seeseecces cedeewesscceecesseness 4-5 
3 I/O Address DecoderS ...scccccccsccesces Seveeed 455 
4 uPD765A Control ...ccccccccecs aed saisieieiceteweee, 426 
5 I/O Wait State Generator .....cccccsccccccsccee 4°6 
6 UPD765A Device co.cc ccc ccc cess ccccce sie ieierececers eee 446 
7 Data Separator ...... otaisie esterase ieiené Vsdeee eee sy 460 
8 I/0 Status Port Decoder ...cccecccccccscccescces 4-9 
9 Memory Address Decoder ....ssccccsecccccccccces 4-9 
1 
1 
1 
1 
1 
1 
1 
l 
1 


Pop 
e ° 
Nee ee 


) 


4.2 


fa 


O°: DMA: CONELOL “ds :s-sis\e's cies o's's ao 'eis er csiowe ee seeeseewene 4-9 

1 Write Pre-campensation ......csececcccccccecees 4710 
2 Address Latch Control .eccceccccccccvccccccccee 4-10 
3 RAM Control ....ceeee erlichats Shs Shae ib rerataresaistane awe sess 4~10 
4 PROM Control ......... i's ei bio 60 '02b:@ Lole-ese estseescesee. 4-10 
5 Z80A-DMA Device ..ccccccccces dteive wsb-en beieacaees. ALL 
6 Control Signals Converter ...... jis'e le divavareieie eevee GaL1 
7 Control Port Control .....ccececees eccccccceses 4-11 
8 Disk Drive Interface ..ccccccccccccccccscsssces AL] 


LLP KABA LSE FA BAD A Pa Bop 


SYSTEMS GROUP Technical Manual 


PDC-2800/2801 Floppy Disk Controller V 
Table of Contents 


Data Buffer Control ..... ccc ccc cece cc ccccuce « 4-12 
PHANTOM Control ....cccccccccccccccccce iveeweee 4-12 
1K x 8 RAM Sector Buffer ........ ae a ieieree Siac eesere GuhLe 
Data Input Buffers 2... ccc cece cence scceee 4-13 
Data Output Buffers .......ccccccccccccccccceee 4-13 
Control Port ... cc ccccaee a eleisisieiess @ 0 eisreiereleceeeeee 4=L3 
2K xX 8 EPROM Device 2... ccc cen ccccccccccccccce 414 
Status Port ........cc00e WS leiety eveusiere-eee eles Sateteeee 4214 


° 
° 


NNNNNNHN ND 


oe © @ 
reer e 
NO NMNNN & 
SRRSBBRBE 


& Phe HPS A 


CHAPTER 5 SOFTWARE CONSIDERATIONS 

5.1 DRIVER EQUATES AND DEFINITONS .........0000. eS a! 

5-2 DRIVER INITIALIZATION ......cccccccccccscccccccccccecs 54 

5.3 DEFINE DRIVE FORMAT PO ee merece nsesnceservessssssseee ID 

5-4 DISK READING AND WRITING ..cccccccccccccccccccccsceces 5-7 

5.5 DRIVER SUBROUTINES Coe e reece seeenceccesccssseeses SM 14 
5.6 DRIVER VARIABLES, TABLES AND BUFFERS .....csccecccecee 518 


CHAPTER 6 WARRANTY 


APPENDICES 


APPENDIX A S-100 BUS SIGNALS 


APPENDIX B DEVICE SPECIFICATIONS 

B.1l uPD765A SINGLE/DOUBLE DENSITY FLOPPY DISK CONTROLLER . B-3 

By del.) DESCYIPCION 60.06 s:6:s d.0ba'sinw.4e0-dekbNie oes vevbee so BRO 

HOAUUPES: sega o:dinvig WS ¥-5'S mre GNA Wied 4 0N SEAMEN SED we ee “BRA 
Pin Configuration ....ccscccccsccccccccsccccces Bm4 
BLOCK. DI AGFAM oss viecs edo suees seerese'sadeedeseee BES 
Absolute Maximum RatingS ......eccccccecccccces BHD 
DC Characteristics ...csccccccccccesccceseccece BSS 
Pin Identification ..csccccccscccesesccccecsccs BS 
AC CharacteristicS ..... ccc ccc cc ccccece eeceee B-7 
CapaCi tance: ss uws.6 dis Seisia's oieie's's seibs:d4 caeeene dese BH? 
Timing Waveforms ....sscccccccccccccccccsesecee BS 
Internal RegisSterS ...ccscccccccccccccccscscese BHO 
Package Outline 2... ....ccnecee eeeccccccccssene BLO 
Command Sequence .....ccccscccccscccecsccescsces BrlO 
INSELuCtion Set ...ccccccccvcscccccccccccccceee Bell 
Command Symbol Description .........cececcesess BHl2 
System Configuration .......cccceccccccccccccee Bel 
Processor Interface: i sss00ssnceesnesesecovesce Bold 
Functional Description of Commands ............ B-l5 
Bo1.18.1 Read data .....cccccccscccccccccccsce BHlS 
: Wel te: data: ws ss'etets sades-eeau caee va ». B-16 


OWow w 
*. @ 


ll el lt ol ol oe ee ee 
e e e 


e 
PRE RP RE EP PoOOtIauM aw 


DWNWDNWHOUNWWDWHOWD 
OAHU BWNR O 


Write deleted data ........cccceseess B-l6 


B.1.18.2 

B.1.18.3 

B.1.18.4 Read deleted data ........... ceeseeee B16 
B.1.18.5 Read a track 2... ccccecccccceccccces Bol? 
Beles l6e6. Read 1D cine didais Satine wdae ve beebeaw eres § B-17 


SYSTEMS GROUP Technical Manual 


vi FDC-2800/2801 Floppy Disk Controller 
Table of Contents 


18.7 Format a track .o.ccccccccscecececees Bol? 
18.8 Scan commands ...... Bib ccuesesane acct eeccees B18 
e188: SSSR ta ee ei ee Bale 
18.10 Recalibrate ..cccccsccccecscssesssses BULLY 
18.11 Sense interrupt status .............. B-l9 
LSA? Srecley: esuaes setae tweed cus ies eaeaee eee 
18.13 Sense drive statuS ....ccececcecsseee Bol 
Bo 1.16.14 Tnvalid o<iscsaseatetaersdedeseeseyee: BEL? 
B.1.19 Status Register Identification ...cceceseeeeeee BH20 
B.2 Z80A~DMA DIRECT MEMORY ACCESS CONTROLLER .......e+ee0- B-23 
B.2.1 Features COO SCHHHHHEHEEHETEHEHHE HEHEHE HEHE EHH HO HEOE B-24 
B.2.2 General Description ..cccccccsescesaccccccscese B24 
B.2.3 Functional DeScription ..ccccsecccvccccccssee «. B-25 
2.3.1 Classes of operation ...cesesscccecee Br25 
3.2 Modes of operation ....cccccssccceeee BH25 
3.3 Commands and statuS ......eececeseees BH2H 
3.4 Variable cycle ...cccccccscccccecewee BH26 
3.5 Address generation .......sccceceeeee BH26 
3.6 
3.7 
3.8 


1. 
de 
ol 
el. 
l. 
el. 
ol. 


AUtO LEStALt cessccvccscccsvsccecesss B20 
Tnter ruts) ssatabsvss side oa ween ease ee B26 
Pulse generation ..scccscccessesseeese B27 
Pin. DeSCriptlon insiasedes saves eetsweee es ceweate’ Boe7 
Internal Structure ...cccccccccccccccccccssecses BHZ8 
PROGYENMTTS . cvad vs waaeie selene ce'vawene seueee~ cae: BH30 
Inactive State Timing ....ccccccccccccnccccscee BUSS 
Active State Timing. das. c.ccwav gene wie ek scayes “B33 
Active State AC CharacteristicS ....cceceeeneees Bo3d 
Absolute Maximum RatingS ....ccccccecscceccceee BU36 
Standard Test Conditions ...ccccccccsesccsceess BH36 
EC Characteristics civecsssectsievaceev ee ceas ee Br38 
CAaPACLEANCe: 2.5 wed eacs ceurd's ssi erate cig os elee ae acieee Deo 
Inactive State AC Characteristics ............. B-37 
Active State AC Characteristics ....ccccccesceee BH38 
Package DimenSionS ..ccccccecccsceccescccsccces BAD 


«8 # # @ @ 
e ¢ e@ e® © © @ 


en er ee 
e 


e.06©¢@ C 
NNNNNNNNNNNNND 
PREP REPRE OOD 


DWWWNDWHWWWOWWHW 
Awe WN Fr oO 


APPENDIX C FLOPPY DISK INTERFACE 
APPENDIX D Jl PIN CONNECTIONS 
APPENDIX E J2 PIN CONNECTIONS 


APPENDIX F TYPICAL DRIVE STRAPPING 
F.l MFE MODEL 700 e@oeaeveaeeeoaeveoeaeoee eevee eeeeaeeeoeveeeaeeoeoaeaeaeaeeaeed F-2 
F.1.1 Write Precampensation ...cccccccccccccccccccees Pa2 
F.1.2 Disk Drive Jumpers COCO HEOH ORE OHHH OHHH SOR OEEE F-2 
Folsd: Drive Select: sc.0sicesws's cede See tssieiseesy new AZ 
F.2 MITSUBISHI MODEL M2894 ....cccccccccccvccccccccesessee PRS 
F.2.1 Write Precampensation .....cccceccccccccccecees FH3 
F.2.2 Disk Drive JumperS ..occccsvecsvcccccccccccscess FH 
POs: “Drive: Select: ear ctiuasan ee sewetaseeteus sae eussoE ro 


SYSTEMS GROUP Technical Manual 


FDC~2800/2801 Floppy Disk Controller 
Table of Contents 


F.3 NEC MODEL FD1150 2... ce ee eee eevee ccces eee ecccccece . 
F.3.1 Write Precampensation ....ccccccccccccccces eee. 
F.3.2 Disk Drive Jumpers ........0.. eee cc ces escceane 
F.3.3 Drive Select co.cc ccc ccc ccc cc ccccccccceccccecs 
QUME DATA TRACK 8 a 


F.4 


F.5 REMEX MODEL RFD4000 .......... er er ee ccrcccccescescces 
F.5.1 Write Precanpensation .......... eve cerecccceeen 
F.5.2 Disk Drive Jumpers Cece caer creer ccssseecsccece 
F.5.3 Drive Select ....c ccc ccc ccc ccccccceccccccecece 

F.6 SHUGART MODEL 400 ............. occ e eer er ccc acccsscces 
F.6.1 Write Precampensation .....cccccccccccccccccece 
F.6.2 Disk Drive Jumpers Orme nem rrcccccscceseccsocses 
F.6.3 Drive Select ......ccccccccccccccccccccccccuces 

F.7 SHUGART MODEL 800/801 ........ sc ccees seem c cece wccces 
F.7.1 Write Precampensation .....ccccccccscccccccccce 
F.7.2 Disk Drive Jumpers ...cce cece ccc cece et ccecsen 
P.7.3 Drive Select ...ccc cece cece ccc cccccccccccccce * 

F.8 SHUGART MODEL 850/851 Cece cerns ccccc csc ccccccceccccce 


APPENDIX G TIMING WAVEFORMS 
G.1 SECTOR BUFFER RAM WRITE TIMING wcccccccccccccccccccace 
G.l.l Timing Waveforms ........ccccssccccccccceccccce 
G.1.2 Channel Identification wee c er rccccccscccnseencs 
G.2 SECTOR BUFFER RAM READ TIMING Cec rccccccccccccseccccee 
G.2.1 Timing Waveforms Cece esc cccnnccnccenccccccnnace 
G.2.2 Channel Identification .... ccc ccc ccc ccc cccccace 
G.3 uPD765A DMA TRANSFER TIMING (DISK READ OPERATION) .... 
G.3.1 Timing Waveforms ........ cc ccc ccccccccccccccace 
G.3.2 Channel Identification cece ccc ccccacncccccccccs 
G.4 uPD765A DMA TRANSFER TIMING (DISK WRITE OPERATION) ... 
G.4.1 Timing Waveforms Peace cree cccccccesscccssccose 
G.4.2 Channel Identification .....c.cccccccucccccecce 
G.5 INPUT/OUTPUT READ TIMING Cee cc errr accccsacnscscccccce . 
G.5.1 Timing Waveforms ..... eee cere nccccseccecnccncs 
G.5.2 Channel Identification Cece mc ccccenccccacccccee 
G.6 INPUT/OUTPUT WRITE TIMING .eccccccccccccccccsccccavccs 
G.6.1 Timing Waveforms Cocca eercccccreaccsscccceas 
G.6.2 Channel Identification .....c.ccecccccccccscees 


APPENDIX H CIRCUIT BOARD LAYOUT 


APPENDIX I SCHEMATIC DIAGRAM 


SYSTEMS GROUP Technical Manual 


vii 


viii FDC-2800/2801 Floppy Disk Controller 
: Table of Contents 


LIST OF ILLUSTRATIONS 


Figure 4-1 FM encoding method .........ccccccccce 6 Osa weed 4-2 
Figure 4-2 MEM encoding method ....ceeeceeccccnces svcesece 4-2 
Figure 4-3 Bit shift phenomenon for different patterns ... 4-3 
Figure 4-4 Standard (IBM) soft-sectored floppy disk format 4-4 
Figure 4-5 FDC-2800/2801 block diagram ......cccecccceceee 4-7 


uPD765A pin configuration ....... Halediere ccetews oes (B= 
uPD765A block diagram .......006.% a's sipiele?sverecelsieieas O™O 
UPD765A package outline .occsccsccccccceccecess B10 
UPD765A system configuration ......eecceeeeseee Bol3 


ZB0—DMA pin functions .eccccsccccsccscccvcseees Bm24 
Z80—-DMA pin aSSigrmentS ...ceccseccscccccescces B24 
Z80-DMA typical Z80 environment ......eeeeceeee BH25 
Basic functions of the Z80-DMA ......eeeeeceeee BH25 
Z80-DMA variable cycle length .......sceeeeeees BH2A 
ZB0-DMA block diagram ..ccccecceccccccccceveece BH28 
Multiple DMA interconnection to the Z80 CPU ... B-29 
ZB0-DMA package outline ....cccccccccccccccceee BH40 


Figure C-1 Floppy disk drive interconnect cabling ........ C-l 
Figure H-l FDC-2800/2801 circuit board layout ..........+. H-3 


Figure I-1 FDC~2800/2801 schematic diagram eeooenearecseseves I-3 


SYSTEMS GROUP Technical Manual 


FDC-2800/2801 Floppy Disk Controller 


Performance Specifications 


CHAPTER 1 


PERFORMANCE SPECIFICATIONS 


BUS INTERFACE coer eneoeesreoneoeeseeees S-100 (IEEE standard 696) 


TRANSFER RATES ...cccccccecccvece 8" double density: 500K bits/second 


DISK DRIVE INTERFACE CONNECTOR .. 
RECORDING FORMAT .......-cccceces 
DATA SEPARATOR ew@eeeeeeoeseeaeeeeoeeoeae 


HEAD STEP RATE Cae eneeeereeeneeeee 
HEAD LOAD TIME .....cceccccsccece 
HEAD UNLOAD TIME eooveeeecevneeenees 


WRITE PRE-COMPENSATION ......e00. 
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5-1/4" double density: 250K bits/second 
8" Single density: 250K bits/second 
5-1/4" single density: 125K bits/second 


8" drives: 50-pin Ansley #609-5019MR 
(Shugart 801/850 compatible) 

5-1/4" drives: 34-pin Ansley #609-3419MR 
(Shugart 400/450/460 compatible) 


Single density: IM 
(IBM 3740 standard) 
Double density: MFM 
(Can be IBM 34 standard) 


‘Phased Locked Loop (PLL) 


(Differential amplifer-equipped, second- 
order low pass filter for maximum noise 
rejection) 

1 to 16 mS, software progranmable 

16 to 240 mS, software programmable 


2 to 254 mS, software programmable 


0, 125 or 250 nS 
(Header pin selectable for inner or 
outer tracks) 


1-2 


PROGRAMMED I/O MODE: 
Programmed I/O control ........- 
Transfer capabilities ......... 


Processor synchronization 
GO GLSK is oiasaw aracp wos io ece iowa aus sieve 


ON-BOARD SECTOR BUFFER: 
(Model FDC-2800 only) 


weeveeeceoe eeeeoeeeereecenve 


Type .. 
Sector buffer timing .......... 


Sector buffer addressing ...... 

Sector buffer control ......... 

Data transfer method .......... 
BOOT/EPROM CAPABILITIES: 

EPROM type @ooevnt@eae eee eeeseeaeaeeeaeeae 

EPROM address @eeaeeeaeeoevneevaeveaeeveee 


Boot control eevee aoeeeeereevneeee 


EPROM timing ....cseccesecceues 


I/O STRUCTURE: 
I/O addressing ....ecevccccecee 


I/O device addresses .......... 


FDC control/status port ....... 
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Mode is enabled under software control 
Z80: Single or double density 

(block I/O mode) 
8080: Single density 


Via on-board wait state generator 


1024 x 8-bit static RAM 

PWR length: 156 nS (minimum) 

PDBIN length: 141 nS (minimum) 
(Addresses set up 70 nS before PWR or 
PDBIN issued.) 

Jumper selectable to base address 
7C00 or FCOO (hexadecimal) 

Enabled or disabled through software 
control via on-board control port 
Z80A-DMA 


2048 x 8—bit (2716) 

Jumperr selectable to base address 

7000 or FOOO (hexadecimal) 

Boot option is jumper selectable. 

When selected, the EPROM is enabled by 
a system reset. The boot actuates the 
PHANTOM line until disabled by software 
through the on-board control port. 
PDBIN length: 441 nS (minimum) 

(4 MHz IEEE operation allowed via jumper- 
selectable wait state generator.) 


A group of six I/O addresses can be sel- 
ected via jumpers to one of 16 base addres- 
ses between 00 and FO (hexadecimal). 
uPD765A floppy disk controller: X0-X1 (hex) 
FDC control/status port: X2-X3 (hex) 
Z80A-DMA: X4-X5_ (hex) 
The on-board FDC control/status port is 
used to control the following floppy 

disk controller functions: 


Drive selects (drives 1 thru 4) 
Programmed I/O mode 

EPROM enable/disable 

RAM enable/disable 

Boot enable 

Motor control 

uPD765A interrupt mask 
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Performance Specifications 


POWER CONSUMPTION ........eceeees 


POWER DISSIPATION .....ccccceeces 


PHYSICAL DIMENSIONS ......cceeeee 


OPERATING ENVIRONMENT: 


Temperature eeeoeeneneeeeeaeneeeoeee 
Relative humidity ....... dae tac 
Shock; vibration .....cccccceee 


CONSTRUCTION: 
Circuit. board sscecsivsceteewes 
Solder Mask ....ccccccceccvcces 
Component legendS ........see0- 
S-100 edge connector .......... 
Plug in Sockets: .osevcsosseeaws 


TESTING eae eeeeeseeeeresneseseereneeoes 


WARRANTY sis: s:64.0.e4:0 Naseneneedkewas 
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Interrupts are maskable at the board 
level and can be strapped to any of the 
eight VIO-VI7 lines or the. INT line. 

(The FDC series does not support on-board 
Z80 mode 2 interrupts.) 


+ 8 volts @ 1.25 amperes (maximun) 
+16 volts @ 0.01 amperes (maximum) 
-16 volts @ 0.03 amperes (maximun) 


10.6 watts (maximum) 


10.0" x 5.0" * 0.1" 
10.0" x 5,3" + 0.1" (including S-100 
connector) 


0 to +45° Celsius 
0 to 95% relative 
5G/10 mS; 2-50 Hz, 
l-inch double amplitude. 


Two-layer glass epoxy 

Both sides , 

Silk screened 

Gold plated 

For all ICs: 

Double-sided wipe or gas-tight 
connection 


Fully tested and burned-in. 


One year, parts and labor included 


FDC-2800/2801 Floppy Disk Controller 
Performance Specifications 
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CHAPTER 2 


GENERAL DESCRIPTION 


The FDC-2800 family of double density floppy disk controller boards is 
designed specifically for the S~-100 computer bus design proposed by the 
Institute of Electrical and Electronics Engineers, Inc. (IEEE) standards 
committee (IEEE Task 696.1/D2). These double density floppy disk control- 
lers are designed to interface to both 8-inch and 5-1/4-inch disk drives 
using IBM-canpatible soft-sectored formats for single and double density. 
They interface up to four drives of any one size, single or double sided. 


2.1 FEATURES 


The model FDC-2800 is optimized for multi-user systems by utilizing direct 
Memory access (DMA) data transfers between the disk drive and an on-board 
bank-selectable memory-mapped buffer. This buffer consists of a 1024-byte 
(1K) static random access memory (RAM). The 1K buffer allows the FDC-2800 
to be compatible with all static and dynamic memory designs. The DMA data 
transfers are transparent to the central processing unit (CPU). 


Tne model FDC-2801 is intended for single-user systems, and uses program- 
med input/output (PIO) data transfers. 


Except for the DMA and on-board buffer, both models are identical in oper- 
ation. The FDC-2801 can be converted to a FDC~-2800 by purchasing the DMA 
upgrade kit. 


Software selectable options include: sector size, single or double den- 
sity, track stepping rate, head load/unload time and interrupt or polled 
I/O servicing. 


The double density floppy disk controllers utilize soft sectored formats 
and accommodate sector sizes of 128, 256, 512 or 1024 bytes. A selectable 
write pre-compensation circuit and enhanced phase-locked loop (PLL) design 
in the data separator circuitry ensure reliability in the recovered data. 
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Data recovery errors of less than one in 10° are typical with high quality 
floppy disk drives. Compatible 8-inch drives include: Shugart, Remex, 
Siemens, Qume, NEC, Cal Disk and Decitek, as well as all Shugart 801/ 
850-compatible drives. Compatible 5-1/4-inch drives include Shugart and 
MPI, as well as all Shugart 400/450/460-campatible drives. 


2.2 OPERATION 


For DMA data transfers, a Z80 memory block move instruction is used to 
transfer data bidirectionally between system memory and the memory-mapped 
sector buffer. Data read in from the disk is loaded into the buffer inde 
pendently of the CPU. A finished disk operation is indicated by either 
the generation of a CPU interrupt or through software polling, allowing 
the CPU to service the buffer. In a similar manner, data being written to 
the disk is read from the buffer independently of the CPU. In this case, 
the buffer empty condition is signalled with an interrupt, or by means of 
software polling. 


For the DMA model FDC-2800, a programmed I/O mode can also be selected 
through software control. This technique allows very fast track-to-track 
copies to be accomplished. 


Both controllers contain a 2K erasable programmable read-only memory 
(EPROM) of the 2716 type. This device contains the system bootstrap 
loader. At system reset time, an automatic jump is made to this EPROM by 
asserting the S-100 PHANTOM line. This feature can be disabled for those 
systems which have the bootstrap loader located on another board. In ad- 
dition to (or instead of) a bootstrap loader, the EPROM can contain other 
desired user fuctions, such as a monitor program or disk diagnostic 
routines. 


The sector buffer RAM and EPROM are independently bank-selectable, and can 
be turned on or off with an I/O instrucion. Whenever either memory is 
turned on and is addressed by the CPU, the PHANTOM line is activated, al- 
lowing the disk controller memory to overlay the address space of the 
system memory. It is not necessary to specifically deselect any memory on 
the system memory board which shares the same address. When used with 
memory boards that have PHANTOM line disabling for both read and write 
activities (such as the SYSTEMS GROUP DMB-6400), the overlayed memory 1S 
available to the user. : 
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CHAPTER 3 


HARDWARE JUMPER OPTIONS 


This chapter describes the hardware jumper options that are available on 
the FDC-2800 and FDC-2801 floppy disk controllers. These options must be 
properly set up in order to customize the FDC to the specific computer and 
floppy disk drive configuration. All options are made by means of Berg 
jumpers of the push-on type. 


3.1 JUMPER AREA "A" — Ready Signal Selection 


3.1.1 Description 

Jumper Area "A" is used to give the user the option of selecting the ready 
input for the NEC 755A. The 5-1/4" drives on the market do not have a 
ready signal; this neccessitates circuitry to determine the status of the 
drive. The circuitry on the floppy disk controller board determines if 
the disk drive is generating index pulses at the proper time. This jumper 
option selects either the 8" ready signal or the index pulse detector. 
The index pulse detector is set to a not ready state if the motor control 
timer is inactive. 


3.1.2 Summary 
A. For 5-1/4" drives, connect pin 1 to pin 2. 


B. For 8" drives, connect pin 2 to pin 3. 


3.1.3 Layout 


A |@ala@alal 
Tc (Qe 33 
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3.2 JUMPER AREA "B" — Zero Compensation Jumper 


3.2.1 Description 


Some of the floppy disk drives require zero write pre-compensation, due to 
their head characteristics. (See Paragraph 4.2.11.) Jumper Area "B" dis- 
ables the write pre-compensation of the NEC 765A. 


3.2.2 Summary 


A. To enable the NEC 765A write pre-compensation fea- 
ture, connect pin 1 to pin 2. 


B. For zero write pre-compensation, connect pin 2 to 
pin 3. 


Note: When pins 2 and 3 in Jumper Area "A" are 


connected together, pins 1 and 2 in Jumper Areas "J" 
and "K" should also be connected together. 


3.2.3 Layout 


B 
18 | 3 
|——| 
| @ | 2 
|——| 
|@ yl 
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3.3 JUMPER AREA "C™* — EPROM Enable/Disable 


3.3.1 Description 
Jumper Area "C" is used to hardware disable any access to the EPROM. This 
enable/disable jumper overrides the effects of any connection in Jumper 
Area "D." 
3.3.2 Summary 

A. To enable the EPROM, connect pin 1 to pin 2. 


B. To disable the EPROM, make no connection in Jumper 
Area "C", 


3.3.3 Layout 


c |alal 
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3.4 JUMPER AREA "D" -—~ EPROM Boot Enable 


3.4.1 Description 
Jumper Area "D" determines whether or not the on-board EPROM will boot the 
system at reset time. If the bootstrap program is located on another 
board in the system, disable the FDC-2800/2801 on-board bootstrap by means 
of this jumper. 
3.4.2 Summary 

A. To enable the on-board boot, connect pin 1 to pin 2. 

Note: If on-board bootstrap is desired, Jumper Area 

"Cc" must also be enabled. If Jumper Area "“C" is 

‘disabled, Jumper Area "D" has no effect. 

B. To disable the on-board boot, place no jumper in 

Jumper Area "D". 


3.4.3 Layout 
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3.5 JUMPER AREA "E" — uPD765A Clock Selection 


3.5.1 Description 
The NEC 765A requires two different clock inputs depending on the size of 


floppy disk being used. An 8 MHz clock rate is used for 8" disks; a 4 MHz 
clock rate for 5-1/4" disks. Jumper Area "E" is where this selection is 


made. 
3.5.2 Summary 


A. For 8" disk drives (8 MHz clock), connect pin 1 to 
pin 2. ; 


B. For 5-1/4" disk drives (4 MHz clock), connect pin 2 
to pin 3. 


3.5.3 Layout 


E 
| @ | 3 
(oa | 
| @ | 2 
tf 
| @til 
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3.6 JUMPER AREA "F" -— Memory Address Base 


3.6.1 Description 


Jumper Area "FE" is used to select the base address offset for the on-board 
memory. Two offsets are allowed: 7000 and FOO0 (hexadecimal). 


Note: The EPROM address is located from offset +000 
to offset +7FF (hexadecimal). The sector buffer add- 
ress is located from offset +C00 to bias +FFF 
(hexadecimal). 

3.6.2 Summary 
Note: When using Systems Group software, refer to the 
Systems Group software manual for the correct selection 
in Jumper Area "F." 
A. For offset address F000, connect pin 1 to pin 2. 


B. For offset address 7000, connect pin 2 to pin 3. 


3.6.3 Layout 


Fil@l@la@al 
i 2: 3 
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3.7 JUMPER AREA "H" — I/O Address Selection 


3.7.1 Description 
Jumper Area "H" determines the base address offset for the on-board 1/0 
addresses. These addresses can be strapped to occupy one of 16 possible 
locations. 

Note: When using Systems Group software, refer to the 

Systems Group software manual for the proper connection 

in Jumper Area "H." 
3.7.2 Summary 


The following table shows the set-up of Jumper Area "H": 


Base I/0 Jumper Area "H" 
Address 7 to8 5 to6 3 to4 Itod 
00 Yes Yes Yes Yes 
10 Yes Yes Yes No 
20 Yes Yes No Yes 
30 Yes Yes No No 
40 Yes _ No Yes Yes 
~ 50 Yes No Yes ‘No 
60 Yes . No No Yes 
70 Yes No No No 
80 No Yes Yes Yes 
90 No Yes Yes No 
AO No Yes No Yes 
BO No Yes No No 
co No No Yes Yes 
DO No No Yes No 
EO No No No Yes 
FO No No. No No 
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3.7.3 Layout 


2 2 6 -8 
}@lagigial 
H |-—-|—~-{-—-|—-| 
|}@8lalalal 
1 3 5 #7 


Note: The I/O addressing is set up such that the on 
board I/0 is structured as follows: 


Base + 0 & 1 = NEC 765A 
; (Paragraph 4.2.6) 


Base + 2 & 3 = Status and control port 
(Paragraphs 4.2.4 and 4.2.6) 


Base + 4 & 5 = Z80A-DMA 
(Paragraph 4.2.15) 
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3.8 JUMPER AREA "J" — OT Write Pre-—compensation 


3.8.1 Description 
Jumper Area "J" sets up the write pre-compensation value for the outer 


tracks on the floppy disk (tracks 00 through 42). Three values are allow- 
ed: 0, 125 nS and 250 nS. (See Paragraph 4.2.11). ; 


3.8.2 Summary 


A. For 125 nS write pre-compensation on the outer 
tracks, connect pin 1 to pin 2. 


B. For 250 nS write pre-compensation on the outer 
tracks, connect pin 2 to pin 3. 


3.8.3 Layout 


J 
| a | 3 
|| 
| a! 2 
|—| 
}a@t.1 


Note: NEC's recommended values for pre-canpensation 
are 125 nS for the outer tracks, and 250 nS for the 
inner tracks. See Appendix F for the recommended 
strapping with specific types of disk drives. 
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3.9 JUMPER AREA "K*" —— IT Write Pre—compensation 


3.9.1 Description 

Jumper Area "K" sets up the write pre-compensation value for the inner 
tracks on the floppy disk (tracks 43 through 76). Three values are allow- 
ed: 0, 125 nS and 250 nS. (See Paragraph 4.2.11). 

3.9.2 Summary 


A. For 125 nS write pre-compensation on the inner 
tracks, connect pin 1 to pin 2. 


B. For 250 nS write pre-compensation on the inner 
tracks, connect pin 2 to pin 3. 


3.9.3 Layout 


K 
1a} 3 
|—| 
[@ 12 
|—| 
[alti 


Note: NEC's recommended values for pre-canpensation 
are 125 nS for the outer tracks, and 250 nS for the 
inner tracks. See Appendix F for the recammended 
Strapping with specific types of disk drives. 
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3.10 JUMPER AREA "L" — Wait State Selection 


3.10.1 Description 


Jumper Area “"L" is used to enable the on-board wait state generator. 
There are two separate jumpers for the wait state generator: one for the 
EPROM, and one for the on-board I/O. When enabled, the wait state genera- 
tor places one extra t-state in each CPU access. 


It should be noted that the timing for this wait state generator is based 
on the IEEE S-100 standard timing recammendations. This means that care 
should be taken in the design of the CPU being used, such that it monitors 
the WAIT line during the specified time when executing I/O cycles. 


Note: This option is nor required for most early- 
design 8080 and Z80 microprocessors (those not conform 
ing to the IEEE Task 696.1/D2 standard for S-100 
boards). Newer IEEE-campatible CPUs may truncate the 
I/O timing. This will violate the 250 nS minimum I/0 
access time, thus requiring an I/O wait state. 


3.10.2 Summary 


A. To force an extra wait state during on-board EPROM 
accesses, connect pin 1 to pin 3. 


Note: This option should be selected for all Z80 4-MHz 
operations. 


B. To force an extra wait state during on-board I/0 
accesses, connect pin 2 to pin 4. 


3.10.3 Layout 
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3.11 JUMPER AREA "M" — Interrupt Selection 


3.11.1 Description 
Jumper Area "M" determines to which system interrupt line the on-board in- 
terrupts will connect. All eight of the S-100 vector interrupt lines 
(VIO-VI7), aS well as the INT line, are allowed. 

Note: The FDC-2800/2801 does not support the gener- 

ation of an on-board vector using 280 mode 2 operation. 


3.11.2 Summary 


The following table shows the jumper options for Jumper 


Area "M™:" 
Jumper Area "M" 
Condition pin connections 
VIO 1 to 2 
VIL 3 to 4 
VI2 5 to 6 
VI3 7 to 8 
VI4 9 to 10 
VI5 1l to 12 
VI6 13 to 14 
Vi7 15 to 16 
INT - 17 to 18 
No interrupt None 


Note: When using Systems Group software, refer to the 
Systems Group software manual for the proper connection 
in Jumper Area "M." 


3.11.3 Layout 


2 4 6 8 10 12 14 16 18 


[@I1BlB@1BlBlaleaialeal 
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3.12 JUMPER AREA "N" — PHANTOM Selection 


3.12.1 Description 

Jumper Area "N" is used to enable and/or pull up the on-board PHANTOM 
circuitry. : 

3.12.2 Summary 


A. To enable the on-board PHANTOM function, connect 
pin 1 to pin 2. 


Note: This option should be selected any time that 


off-board memory occupies the same memory address space 
as the on-board FDC-2800/2801 RAM or PROM memory. 


B. To pull up the PHANTOM line to a logic "1," connect 
pin 3 to pin 4. 


Note: This option should be selected if the PHANTOM 
line is not pulled up somewhere else in the system. 


3.12.3 Layout 


4 
|g | 
N --—————!—| 
lalealal 
1 2 3 
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3.13 JUMPER AREA “P" —— MWRITE Selection 


3.13.1 Description 

Jumper Area "P" allows the output of the on-board signal SMEMWR (status 
memory write) to be output to pin 68 of the S-100 bus. This allows any 
board which requires this signal to acquire it from the floppy disk con- 


troller, if it is not generated anywhere else. (This signal should only 
be generated at one place in the system.) 


3.13.2 Summary 


A. To enable the on-board SMEMWR signal onto the S-100 
bus, connect pin 1 to pin 2. 


B. To disable the on-board SMEMWR signal, make no con- 


nection in Jumper Area "P. 


3.13.3 Layout 
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3.14 JUMPER AREA "R" — Reset Signal Selection 


3.14.1 Description 


Jumper Area "R" is used to select which S-100 signal resets the board. 
The signals which can be selected are RESET, POC (power-on clear) and 
SLAVE CER. 


3.14.2 Summary 
A. For FDC board reset on the PCC signal, connect pin 
1 to pin 3. 


B. For FDC board reset on the SLAVE CIR signal, 
’ connect pin 2 to pin 3. 


C. For FDC board reset on the RESET signal, connect 
pin 3 to pin 4. 


Note: The SLAVE CLR signal should be used when inter- 


facing with any of the Systems Group Z80 processor 
boards. 


3.14.3 Layout 


2 3 4 
2iagla 
R —-|-——|—— 
| @ | 
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CHAPTER 4 


THEORY OF OPERATION 


The FDC-2800/2801 is a floppy disk controller based on the NEC uPD765A 
controller device. The 765A simplifies the task of controlling a floppy 
disk by incorporating many difficult functions normally requiring many 
ral eng integrated circuits into one VLSI (very large scale integration) 
chip. 


This chapter is divided into two sections: a generalized theory of writing 
and reading data utilizing floppy disk technology, and detailed discus- 
sion of the various circuit blocks that make up the FDC-2800 and FDC-2801 
floppy disk controller. 


4.1 DATA RECORDING THEORY 


4.1.1 FM and MEM Encoding Methods 


Frequency Modulation (FM) and Modified Frequency Modulation (MEM) are 
frequency shift methods for encoding data. In the case of FM, the freq- 
uency being sent to the disk drive has a one-bit cell length for a "0" 
data cell, and 1/2-bit cell length for a "1" data cell (figure 4.1). The 
data can be separated by use of a one-shot multivibrator or a phase-locked 
loop. Because of the clock pulse required, this method is only 50% effic 
lent in data: packing. 


Modified Frequency Modulation (MFM) is a self-clocking method which elim- 
inates the requirement of separate clock pulses (figure 4.2). The MIM 
method thus results in twice the data density of single density (FM), with 
the same number of bit transitions (flux changes) per second. One of the 
shortcomings of MFM is the higher complexity of the data separator cir- 
cuitry required to extract data from the recorded signal. The optimal 
solution to this problen is a phase-locked loop (PLL) recovery system. 
This system will, with minor changes, decode FM or MEM signals with great 
accuracy. The PLL also improves adaptability to different drives and 
media over that of synchronous detection methods. 
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Figure 4-1 FM encoding method. 


| Bitcen | Bitcel | Bitcet | Bitcel | Bitcel | Bit Cell | 
Figure 4-2 MFM encoding method. 


4.1.2 Media Bit Shift Phenomenon 


Increasing data densities on floppy disks bring on a phenomenon called 
“media bit shift." Each bit fluctuation (flux change) is actually a 
change in the magnetic field imprinted on the media by the write head. 
With increasing disk packing densities, these flux charges became 
Physically close enough on the media to start interacting magnetically 
with each other. This phenamenon is most pronounced with flux transition 
patterns shown in figure 4.3. 


One way to counteract media bit shift is to write pre-compensate (shift) 
the data being written in the opposite direction of the media shift tend- 
ency, to assure that the data on the disk is in the proper place after a 
disk write. The direction of the counteractive shift is determined by an 
algorithm in the NEC 765A (figure 4.5, block #4). Two outputs (PSO and 
PS1) from the NEC 765A control the write precampensation circuits (figure 
4.5, block #11), which do the actual bit counter shifts. 
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Figure 4.3 Bit shift phenomenon for different patterns. 
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4.1.3 Standard Floppy Disk Track Formats 


The standard (IBM) format for a typical floppy disk track is shown in 
figure 4.4. A data read or write cycle begins with the occurrence of an 
index pulse. This pulse is generated by the disk drive when the hole in 
the media lines up with the hole in the floppy disk jacket. The floppy 
drive has an optical sensor which sends a pulse to the floppy disk con- 
troller via the signal INDEX. This signal gives the floppy controller a 
reference point on the disk. After receiving this pulse, the NEC 765A 
floppy controller chip allows the phase-locked loop to start operating. 
(This is done by the VCO synch signal on the NEC 765A.) The field which 
follows the index pulse is called a "sync" field. This field allows the 
PLL to synchronize itself to the proper polarity of data signals. 


The rest of the track is made up of a series of sectors, and a fill block 
at the end of the track. Each sector is made up of smaller areas called 
the data block address (DBA) and the data block (DB). ‘The D8 contains the 
data to be stored. The purpose of the data block address is to give the 
floppy disk controller an easy and reliable way of locating a specific 
data block on the track. The data block address is isolated fram other 
data by use of two gaps on the disk; one placed just before the DBA, one 
immediately after it. 


The DBA is made up of the following bytes in the sequence listed: 1) a 
constant (one byte containing the data FE), 2) one byte containing the 
track number (defines the present track being read), 3) one byte con- 
taining the head number (0 or 1 — same as the disk side number), 4) one 
byte containing the data block number (or sector number), 5) a one-byte 
descriptor of the number of bytes contained in the following data block 
(00 = 128 bytes, 01 = 256 bytes, 02 =512 bytes, 03 = 1024 bytes), 
6 & 7) two bytes containing the cyclic redundancy check (CRC). 
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The CRC is a polynanial (1 + x + ren + x1) check sum, computed based on 


the preceding data. It is utilized to detect data errors. 


The data block is separated from its DBA by one of the previously-men- 
tioned gaps. The DB consists of either 128, 256, 512 or 1024 data bytes 
(as indicated by the fifth byte in the DBA), plus two bytes of CRC data. 
These CRC bytes in both the DBA and DB allow the system to determine the 
validity of the data on the disk. The space fram the last DB on the track 
to the occurrence of the next index pulse is filled with constant FF 
bytes, to allow the PLL to maintain synchronization whenever possible. 


DATA BLOCK 


Exploded View of 
Data Address Section 


FILL fo FILL 
BYTES NEA & BYTES 
LAST DATA ye I - GAP GAP GAP Area 
BLOCK OF FIELD DATA 


TRE TARO DATA BLOCK DATA BLOCK BLOCK LAST DATA 
ADDRESS #1 DATA ADDRESS #2 DATA BLOCK #3 BLOCK OF 
LOCK DATA ADDRESS #3 THE TRACK 
#1 BLOCK 
#2 


BYTES/BLOCK 
cRC 


Data Block 
Address 


Figure 4-4 Standard (IBM) soft-sectored floppy disk format. 
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4,2 DESCRIPTION OF CIRCUIT BLOCKS 


Note: For the following descriptions, refer to the 
FDC~-2800/2801 Block Diagram (figure 4.5) and the 
FDC-2800/2801 Schematic Diagram (Appendix I). 


4.2.1 Address Buffers and Latches 


Note: For the following description, refer to block 
#1 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The tri-state address buffers and transparent latches take the 16 least- 
Significant address bits (AO to Al5) fran the S-100 bus and buffer them to 
reduce the loading on the S-100 address pins. This block also includes a 
transparent latch to assure stable address lines, even in the presence of 
noisy bus envirorments. The address latch control block (block #11). con- 
trols the latch enable. The tri-state address buffers are disabled during 
an on-board DMA sequence (FDC-2800 only) to allow the Z80A-DMA to drive 
these lines, thus avoiding contention for the on-board address bus. 


4.2.2 Interrupt Mask 


Note: For the following description, refer to block 
#2 of the FDC~2800/2801 Block Diagram (figure 4.5). 


The interrupt mask control circuit allows the system CPU to enable or dis- 
able the system interrupt from the NEC 765A. This mask control is imple- 
mented by using bit 2 of the on-board control port (block #24). 


4.2.3 1/0 Address Decoders 


Note: For the following description, refer to block 
#3 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The I/O on-board decoder is used to decode the rest of the on-board I/O. 
The I/O and status port decoders share the same I/O address select 
junpers. This commonality in the jumpers allows a single option jumper 
alteration to move the entire I/O block to another address. Both I/O 
decoders allow the I/O address to be put in one of 16 I/O address spaces. 
These decoders are eight bits in length, and allow each I/0 device to be 
decoded as one out of 256. 
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4.2.4 uPD765A Control 


Note: For the following description, refer to block 
#4 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The uPD765A control circuitry takes the address decode signal from the I/0 
address decoder (Paragraph 4.2.3) and logically ANDs it with the I/O re- 
quest signal IORQ to form the chip select for the NEC 765A. This allows 
the NEC 765A to respond to I/O addresses only. 


4.2.5 I/O Wait State Generator 


Note: For the following description, refer to block 
#5 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The programmed I/O wait state generator is used to synchronize the system 
CPU to the floppy disk during programmed I/O transfers. This circuity is 
enabled by bit 5 in the control port (block #24). When enabled, the wait 
state generator pulls the RDY line (pin 72) on the S-100 bus to logic 0 
(false) state whenever the NEC 765A is accessed. The RDY line is released 
fran its false state by the receipt of an interrupt from the NEC 765A or 
by the output of a timeout timer releasing the processor. This timer 
keeps the processor fran locking up into a wait state if a disk error 
occurs. 


It should be noted that this wait state generator will allow a 2 MHz 280 
to handle the data rate of a double density 8" floppy disk by using the 
Z80 block I/O instruction set. 


4.2.6 uPD765A Device 


Note: For the following description, refer to block 
#6 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The NEC 765A is responsible for doing most of the data conversion and disk 
timing required for the floppy disk. Data encoding and decoding (after 
separation) are handled by this VLSI chip. All head load and unload 
times, aS well as drive step rates, are handled by this chip. 


Note: For further information, see the uPD765A speci- 
fication sheet (Appendix B). 
4.2.7 Data Separator 


Note: For the following description, refer to block 
#7 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The data separator circuitry takes the data pulses from the floppy disk 


drive and constructs the proper timing outputs, which allow the NEC 765A 
to detect a logic 0 (false) cell from a logic 1 (true) data cell. This 
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discriminator uses a phase-locked loop (PLL) circuit to produce the sig- 
nals required by the NEC 765A. These signals consist of a data pulse of 
approximately 80 nS in length, and a data window of one half a bit cell 
length (Paragraph 4.1.1). The PLL is optimized for maximum signal- 
to-noise ratio by the use of a differential input error detection ampli- 
fier/filter stage. The filter and gain constants were chosen to give 
maximum transferability of disk types, yet still be capable of reading IM 
or MFM encodirg. 


4.2.8 1/0 Status Port Decoder 


Note: For the following description, refer to block 
#8 of the FDC~2800/2801 Block Diagram (figure 4.5). 


The I/O status port decoder actually sits outside the internal (or-board) 
address bus ard is used to decode the address of the status port. Having 
this decoder outside of the internal address bus allows the system CPU to 
query the status port even during an on-board DMA to sector buffer trans- 
fer. The address of this port and the other on-board I/O (Paragraph 
4.2.3) are set up in Jumper Area "H". 


4.2.9 Memory Address Decoder 


Note: For the following description, refer to block 
#9 of the FDC~-2800/2801 Block Diagram (figure 4.5). 


The memory address decoder is responsible for decoding the 16 address 
lines to decide when the on-board sector buffer (FDC-2800 only) or the on 
board EPROM is being addressed. This decoder has a strap option (Jumper 
Area "F") which allows the base address of this decoder to be changed to 
7000 or FOOO (hexadecimal). The EPROM address is always located in the 
first 2048 bytes of this base address. The sector buffer (FDC-2800 only) 


is located in the last 1024 bytes, beginning 3072 bytes above the selected 
base address. 


4.2.10 DMA Control 


Note: For the following description, refer to block 
#10 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The DMA control circuit takes the address decode signal from the I/0 
address decoder, logically ANDs it with the I/O request signal (IRQ) and 
drives the chip select of the Z80A-DMA. This logically separates the 
address of the DMA fran similar memory addresses. 
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4.2.11 Write Pre—-compensation 


Note: For the following description, refer to block 
#11 of the FDC~2800/2801 Block Diagram (figure 4.5). 


The write pre-compensation circuitry compensates for the media bit cell 
shift phenomenon (Paragraph 4.1.2). The NEC 765A controls this circuitry, 
which allows selective shifting of the write pulse in the bit cell to com 
pensate for media bit shift. The write pulse can be shifted so that it is 
either early or late with respect to the bit cell. ‘The early/late determ- 
ination is made by the NEC 765A based on its own internal algorithms. The 
amount of bit shift is selected by jumpers (Jumper Areas "J" and "K") to 
either 125 nS or 250 nS. There are separate jumpers for the outer tracks 
(0-42) and the inner tracks (43-76), to allow the controller to be adapted 
to different disk drive designs. 


4.2.12 Address Latch Control 


Note: For the following description, refer to block 
#12 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The address latch control circuitry is responsible for disabling the 
transparent address latches whenever a valid read or write signal occurs. 
This prevents noise on the S-100 address bus from disturbing a proper read 
or write sequence. The address latch control circuitry is also respon 
sible for disabling the S-100 to internal (or-board) bus drivers during a 
DMA to on-board sector buffer transfer sequence. 


4.2.13 RAM Control 


Note: For the following description, refer to block 
#13 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The RAM control circuitry takes the memory address decode signal (block 
#9), and logically ANDs it with the memory request signal (MREQ) and the 
sector buffer enable bit (bit 1) of the control port. This allows the RAM 
to respond to memory addresses only if enabled by the software. 


4.2.14 PROM Control 


Note: For the following description, refer to block 
#14 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The PROM control circuits take the memory address decode signal (block 
#9), and logically ANDs it with the memory request signal, the PROM enable 
bit (bit 3) of the control port, and the boot control bit (bit 0) of the 
control port. The boot signal allows the PROM to phantom out all memory, 
and is usually used during cold start-up only. The PROM enable signal is 
used to disable the PROM even when its memory address appears on the bus. 


SYSTEMS GROUP Technical Manual 


FDC-2800/2801 Floppy Disk Controller 4-11 
Theory of Operation 


4.2.15 280A-DMA Device 


Note: For the following description, refer to block 
#15 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The Z80A-DMA (FDC-2800 only) is responsible for transferring data from the 
NEC 765A into the on-board sector buffer, or fran the sector buffer into 
the NEC 765A. ‘This transfer happens regardless of the state of the sector 
buffer enable bit (bit 1) in the control port. The DMA issues a control 
signal called BUSREQ (bus request) to the rest of the board. This signal 
communicates the DMA circuit's need to take over the internal bus. This 
allows the address, data and control buses to be tri-stated, leaving the 
DMA in control of the internal (on-board) bus. The DMA then transfers a 
byte and releases the address and data buses. The control bus is then re- 
leased 250 nS later. For more information, see the Z80-DMA specification 
in Appendix B. 


4.2.16 Control Signals Converter 


Note: For the following description, refer to block 
#16 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The S-100 to Z80 control signals converter converts the S~-100 control 
signals (PDBIN, PWR, SWO, SINP, SOUT, and SMEMR) into 280-type signals 
(MREQ, IORQ, RD and WR). ‘This conversion is required to allow compati- 
bility between the S-100 bus and the Z80A-DMA, This converter has 
tri-state capabilities to allow the DMA to take over the internal bus. 
The. converter also creates a SMEMWR signal from PWR and SWO (as defined by 
the IEEE S-100 bus standard), and allows it to be jumpered onto the bus, 
if needed. 


Note: The SMEMWR signal is not tri-stated during on- 
board DMA transfers.) 
4.2.17 Control Port Control 


Note: For the following description, refer to block 
#17 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The control port control circuit logically ANDs the I/O address decode 


with the I/O request (IORQ) and write (WR) signals, to allow the control 
port to respond only when its I/O address is being written to. 


4.2.18 Disk Drive Interface 


Note: For the following description, refer to block 
#18 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The drive interface circuits handle several functions. They provide the 
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capabilities to drive terminated disk drives. In addition,they have a 20- 
second motor control timer for 5-1/4" drives. Also contained is a "ready" 
state detector for 5-1/4" drives, and a head load timer to create length- 
ened head load times. (The NEC 765A only allows the head to be loaded for 
24 mS.) The 5-1/4" ready detector makes sure that index pulses are arriv- 
ing fran the disk drive at the appropriate rate. If these pulses do not 
foe within 20% of the ideal rate, this circuit generates a "not ready" 
signal. 


4.2.19 Data Buffer Control 


Note: For the following description, refer to block 
#19 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The data buffer control circuitry is responsible for allowing the tri- 
state S-100 data bus drivers to drive the S-100 bus at the proper time. 
This is accomplished by logically ANDing the fact that a valid bus signal 
(PDBIN or PWR) has occurred, that a DMA sector buffer transfer is not 
eccurring, and that the S-100 address bus contains an address of an on- 
board device (memory or I/O). 


4.2.20 PHANTOM Control 


Note: For the following description, refer to block 
#20 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The PHANTOM control circuits are responsible for determining when to pull 
the PHANTOM line active (logic 0). The PHANTOM signal allows the on-board 
memory to overlay, or exist in the same memory address space, without bus 
conflicts. The PHANTOM gating is done based on the following conditions: 
1) DMA to sector buffer transfer is not occurring, 2) the present bus 
cycle is not an I/O operation and 3) either the PROM address or the RAM 
address is on the S-100 address bus. 


4.2.21 1K x 8 RAM Sector Buffer 


Note: For the following description, refer to block 
#21 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The 1K x 8 RAM sector buffer (FDC-2800 only) allows the NEC 765A to move a 
block of 1024 bytes of data to or from the disk without CPU or S-100 bus 
intervention. This feature is especially useful in a multi-tasking en- 
virorment, where the CPU has other duties it can be performing instead of 
waiting for disk latency and data transfer times. The sector buffer can be 
enabled or disabled by software through bit 1 of the control port. This 
allows a system to contain a full 54K bytes of memory, providing that the 
memory board supports both PHANTOM read and write cycles. The sector buf- 
fer only pulls the PHANTOM line true whnen it is enabled by the software. 
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4.2.22 Data Input Buffers 


Note: For the following description, refer to block 
#22 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The data input buffers drive the on-board data bus to the S-100 bus when 
enabled by the data buffer control circuitry (block #19). These buffers 


drive the DIO through DI7 inputs to the S-100 bus. fMhe buffers utilize 
Schnitt-triggered inputs to assure maximum noise rejection. 


4.2.23 Data Output Buffers 
\ 


Note: For the following description, refer to block 
#23 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The data output buffers drive the on-board data bus from the S-100 bus 
when enabled by the data buffer control circuitry. These buffers receive 
data from the DOO through DO7 lines of the S~-100 bus. The buffers utilize 
Schnitt-trigger inputs for maximum noise rejection. 


4.2.24 Control Port 


Note: For the following description, refer to block 
#24 of the FDC-2800/2801 Block Diagram (figure 4.5). 


The control port handles all on-board control which is not handled by the 
NEC 765A. A summary of the port layout follows: 


Bit 0 — boot enable bit: 


This bit, when enabled (logic 0), causes the boot EPROM 
to appear at all address locations. This is used for 
cold system start-up only. 

Bit 1 — sector buffer enable bit: 


This bit, when enabled (logic 1), causes the sector 
buffer to appear at its regular address. 


Bit 2 — interrupt enable bit: 
This bit, when enabled (logic 1), gates the NEC 765A 
interrupt to the S-100 bus (if strapped to to = in 
Jumper Area "M"). 

Bit 3 —- EPROM enable bit: 


This bit, when enabled (logic 0), enables the EPR to 
respord to its specified address. 
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Bit 4 -—- motor control enable bit: 


This bit, when toggled under program control (set to 
logic 1, then reset to logic 0), starts the 20-second 
motor timer for the 5-1/4" type disk drives. 


Bit 5 — programmed I/O mode enable bit: 


This bit, when enabled (logic 1), allows the wait state 
generator to synchronize the system CPU to the disk by 
means of wait states. This allows the Z80 block I/0 
move instruction set to keep up with the double density 
disk rate. 


Bits 6 and 7 — floppy disk drive select bits: 
These bits represent the binary encoded value of the 


floppy drive which is to be selected. (Bit 56 = LSB, 
bit 7 = MSB). 


Note: All control port outputs are zeroed (reset to 
logic 0) by the reset line. 


4.2.25 2K x 8 EPROM Device 


Note: For the following description, refer to block 
+#25 of the FDC~2800/2801 Block Diagram (figure 4.5). 


The 2 x8 EPROM is used to store cold start programs or often-used 
utilities. The EPROM is Intel 2715 compatible. There is an on-board wait 
state generator to allow the use of a 450 nS EPROM with 4 MHz IEEE timing 
(Jumper Area "B"). 


4.2.26 Status Port 


Note: For the following description, refer to block 
#26 of the FDC~2800/2801 Block Diagram (figure 4.5). 


The status port is used for determining the state of the floppy disk 
controller board. This port has its own drivers, which are outside the 
internal (on-board) data bus drivers. This allows the system CPU to poll 


the board even while an on-board DMA to sector buffer transfer is taking 
Place. 


The status port has two active bits, which function as follows: 
Bit 6 — programmed I/O error timer bit: 


This bit should be tested immediately after a pro- 
grammed I/O transfer has occurred. This bit, if high 
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(logic 1), indicates that the last disk operation was 
in error. Appropriate steps should then be taken. 


Bit 7 — NEC 765A interrupt status bit: 


This bit, when high (logic 1), indicates that the 
NEC 765A has an interrupt pending. This status is 
sensed before the software interrupt mask. Therefore, 
toggling bit 2 of the control port will have no affect 
on its output (Paragraph 4.2.24). 
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CHAPTER 5 


SOFTWARE CONSIDERATIONS 


This chapter consists of example low-level software driver routines which 
may be utilized in conjunction with the FDC-2800 or FDC-2801 floppy disk 
controller. The routines comprise a complete floppy disk driver, intended 
to run on a Z80 microprocessor chip. The routines may be modified, as re- 
quired, for the specific application in mind. 


DRIVER EQUATES AND DEFINITIONS ..csccccccccccccccccvcccccscecceccesses IZ 
DRIVER INITIALIZATION ..cceccccccccccccccccccccenccccencuncecccsscesns Ind 
DEFINE DRIVE FORMAT ....... occ cece enc cc cece cc cece senesecccccceseeses ID 
DISK READING AND WRITING ....... eee cece ec cnrcccc nce ecccccsccccseccces ST 
DRIVER SUBROUTINES .cccccccccccccccsncccccsccccccccccccscccccccseseces In14 
DRIVER VARIABLES, TABLES AND BUFFERS ....csccccccccccccccccccccseseces ILS 
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5.1 DRIVER EQUATES AND DEFINITONS 


SGDVR.MAC 
The Systems Group 
FDC-2800 low-level driver routines, 


edit history, 

80Dec18 jl - Initial debug complete (8" sng & dbl density). 
81Jan06 jl - Polled operation of FDC added but not debugged. 
81Jan12 jl - Polled operation debugged for the wire wrap board. 
8iJan24 jl = Sector number changed to a 16-bit value. 

81Feb17 jl - Debugged for Production prototype board. (FDC-2800/1) 


we we we ee we we we we ee we we 


TRUE EQU =1 ; define true 
FALSE EQU 0 ; define false 


DMA or PROGRAMMED I/O data transfer conditional. . 

Set this switch if DMA is to be used for transfer of data from the 

NEC 765 to the on-board sector buffer. Reset this switch if Programmed 
I/O is to be used for transfer of data directly into system memory. 

NOTE - switch must be set for proper MP/M driver operation, both for the 
loader BIOS (MPMSYS = FALSE) and XIOS (MPMSYS = TRUE). 


we we we we we we 


DMAOP = EQU TRUE 


TITLE FDC-2800 low-level driver routines 
SUBTTL Equates and Definitions 
PAGE 60 


; These are the entry points into the driver. 
PUBLIC INIDVR ; driver initialization 
PUBLIC DFHT ; define drive format 
PUBLIC DREAD 3; read entry point 
PUBLIC DWRITE ; write entry point 


; This is the provided discriptor block for driver access, 
EXTRN DVRTBL . ; drive descriptor block 


; Drive descriptor block layout. 


DSK EQU 0 ; current disk 

TRK EQU 1 ; current track 

SEC EQU 3 5; current sector 

FMT EQU 5 ; format type 

DMA EQU 6 ; DMA address 

RESULT EQU 10 ; results (returned from driver) 
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; 765 drive parameter equates. 


RTRYS EQU 5 ; Number of Retrys 

IF DMAOP 
ND EQU 0 3; O=DMA mode 

ELSE 
ND EQU 1 3 tsnon=DMA mode 

ENDIF 
SRT EQU 5 ; drive step rate in ms. 
HUT EQU 240 ; Head Unload Time in ms. 
HLT EQU 50 3; Head Load Time in ms. 
SRTHUT EQU (16<SRT) SHL 4 + HUT/16 


HLTND EQU HLT/2 SHL 1 + ND 


? 
; FDC=-2800 port assignments. 


DSKB EQU O80H ; base of controller 

FDCMSR EQU DSKB+0 ; 765 FDC Main status register 
DDATA EQU DSKB+1 ; 765 FDC Main data register 
CONTRL EQU DSKB+2 3; Main board control port 

ZDMA EQU DSKB+4 ; Z=-80 DMA device 


, 
3; NEC 765 intruction set used. 


SCYCMD EQU 03H ; specify drive parameters 
SDSCMD EQU O4H 3; sense drive status 
WRCMD  EQU 05H ; write sector 
RDCMD EQU 06H 3 read sector 
RECCMD EQU O7H 3; recalibrate 
SISCMD EQU 08H 3 sense interrupt status 
RIDCMD EQU OAH 3 read sector ID 
3 seek command 


SKCMD EQU OFH 


3; Control Port (CONTRL) bit assigment for output. 


BTENA EQU 0 3 Boot enable (O=true) 

SBENA EQU 1 ; Sector buffer enable (1=true) 
INTEN EQU 2 3; Interrupt enable (1=sunmask) 
ROMEN EQU 3 ; ROM enable (Ostrue) 

HOTOR EQU 4 ; Motor control (1=start) 

PIOEN EQU 5 3 


programmed I/0 mode (1=true) 
; . 
3; Control Port bit assignment for input. 


INTRQ EQU 7 interrupt request (input) 


we 


3 
@UDSK EQU 4 3; current disk number 
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5.2 DRIVER INITIALIZATION 


; DRIVER INITIALIZATION. 
This entry point is called once at system cold boot time and may 
be used to perform any neccessary device initialization. 


; 
; 
, 
INIDVR: 
, 
; Initialize the Z80 DMA device. See the IZDMA table for more 
3; explanation on the initialization of this device. 
? 
IF DMAOP 
LD HL,IZDMA 3; initialization table 
LD BC,IZDMAL SHL 8 + ZDMA ; length and port 
OTIR 3 program it 
ENDIF 


Issue the specify command to the 765 with the preedefined drive 
parameter equates at the beginning of this source. This sets the 
internal 765 tiners. 


we we we we we 


LD HL, RWTBL ; use RWTBL for transfer 
LD (EL) , SRTHUT ; set SRT and HUT 

INC HL 

LD (HL) , HLTND 3; set HLT and ND 

LD BC,SCYCMD SHL 8 + 3 3; get command and length 
CALL CMDRDY 3 issue it 

LD HL,O 

LD (RWTBL) ,HL ; reset the RW table 

RET : 


from driver initialization 
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5.3 DEFINE DRIVE FORMAT 


; Define Drive Format. On entry, HL points to the drive descriptor block. 
; On exit, the ACC=Drive format type, or FF in not determined. 


; 
DFMT: 


we we we we 


LD A, (DVRTBL+DSK) 3 
cP NODEVS ; 
JR NC, FMTERR ; 


Validate the drive number requested to be defined 
and a branch to format error (FMTERR) if beyond limit. 


get drive number 
check driver limit 
if past limit 


; Now select in the new drive on the controller board. 


LD B,A 
CALL DSKSEL ; 


we we we we 


LD A,1 

LD (RECFL),A ; 
DFMT1: 

LD B, RIDCMD ; 

CALL READID ; 

LD A, (RWSTBL+6) ; 

JR: Z,GDID ; 


we we we we 


LD B, RIDCMD+40H ; 
CALL READID ; 
LD A, (RWSTBL+6) 5 
SET 6,A ; 
JR Z,GDID ; 


we we we we 


LD HL, RECFL 
DEC (HL) ; 
JR NZ,FMTERR ; 


CALL RECAL 
JR DFMT1 


we we 


The ACC is loaded with the error return 
DFMT entry is terminated. 


MTERR: 


LD A, OFFH 
RET 
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Issue a read ID field in single-density and branch to 
good ID read with the FMT type if successful. 


reset the recalibrate flag 


get Read ID command 

issue it 

get returned N for FMT sector size 
if good read ID 


Now try a read ID field in double-density and branch to 
good ID read with the FMT type if successful. 


try double-density next 

issue it 

get returned N for FMT sector size 
set double-density bit-6 

if good read ID 


Check the recalibrate flag, and recalibrate the drive if first pass 
through this routine. set recal flag to show recal done. 


check recal flag 
if recal already performed 


do one recalibrate 
and try format look-up again 


byte FF and the 


; The 


, 
GDID: 


FDC-2800/2801 Floppy Disk Controller 


Software Considerations 


ACC contains the FMT type as far-as density and sector size go. 
: Now usé the sense drive status command to test for a two sided disk. 


AF 
BC,SDSCMD SEL 8 + 2 
CMDRDY 


HL, RWSTBL 


3,M 
Z 


TA 


we we we we we we we we we we 


Save FMT type 

get sense drive status command 
issue it 

get results 

restore FMT type 

point to ST-3 

test two sided bit-3 

no, FMT correct 

yes, set double-sided bit-7 
from define drive format 
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5.4 DISK READING AND WRITING 


Read entry point. On entry, EL points to the drive descriptor block. 
On exit, RESULT in drive descriptor block set to 0 for success or 


UO we we we we 


error code in the case of read errors. 
READ: 
: LD B, RDCMD ; B= FDC read command 
XOR A ; RWFL flag value for reading 
JR DRDWR 3 common routines 
3; Write entry point. On entry, HL points to the drive descriptor block. 
3 On exit, RESULT byte of drive descriptor block set to 0 for success 
s or error code in the case of write errors. 
? 
DWRITE: 
LD B, WRCMD 3; B= FDC write command 
LD A,1 3; RWFL flag value for writing 


; 
; Common routines to both reading and writing. 
DRDWR: 
LD (RWFL),A 3; set the RWFL flag: 


Set up the read or write operation for single or double- 
density as specified by bit-6 of the format type field in 
the drive descriptor block, 


we we we we we 


LD A, (DVRTBL+FMT ) ; get format type specifier 
BIT 6,A 3 test double-density bit-6 
JR Z,RDWRSD ; if reading or writing single-density 
SET 6,B 3; set MFM bit-6 in FDC command 
RDWRSD: 
LD A,B 
LD (FDCOP),A 3; store FDC command 


Select in drive (SELDSK subroutine used) 


we wo we 


LD A, (DVRTBL+DSK) 3; get selected drive 
LD B,A 3 into B 
CALL DSKSEL 3 use subroutine 

? 3 

3 Select either head-0 or head-1 from the format type value, 

, 
XOR A 
LD (HEAD) ,A 3; reset head field 
LD HL, DVRTBL+FMT 3 point to format type value 
BIT 7M 3; test head-1 select bit-7 
JR Z, ONESID ; if head-0 selected ‘ 
LD AL, DRIVE 
SET 2,M 3 set drive number for head-1 
Inc HL 
INC HL 
LD (HL), 1 } set head field for head-1 
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" ONESID: 


; 

; Set the sector (SECTOR) and end of track (EOT) fields from the 
; selected sector in the drive descriptor block. 
: : 


LD A, (DVRTBL+SEC) 3 get selected sector 
LD (SECTOR) ,A 3; set sector field 
LD (EOT),A 3; set EOT field 


Lookup the values for the N,GPL and DTL fields from the 
RW values table. Table values are picked based on sector size. 


we we we we 


LD A, (DVRTBL+FMT ) 3 get the format type value 

AND 3 ; mask the sector size bits 0&1 
LD (N),A 3 set the N field 

ADD A,A 

ADD A,A 3; N value times 4 

LD C,A 

LD B,0 3; prep for double add 

LD HL, RWVALS 3 point to beginning of table 
ADD BL,BC ; point to entry 

LD A, (BL) ; get GPL entry 

LD (GPL),A 3; and patch it 

INC AL 

LD A, (HL) ; get DTL entry 

LD (DTL) ,A 3; and patch it 

INC HL 

LD (SAVEL) , HL 3; save pointer to TC or transfer code 


Reset the recalibrate flag 


we we we 


“LD A,1 
LD (RECFL),A ; set recal flag 
; 
3 Seek to the selected track. NOTE: re-seek entry point for errors. 
; 
RESEEK : 
LD A, (DVRTBL+TRK) get selected track 
LD (TRACK) ,A put in RW table 
LD BC,SKCMD SHL 8 + 3 get seek command and length 


send command 
wait for completion 


CALL CMDRDY 
CALL DPOLL 


we we we we we 


Start of reading and writing. NOTE: retry entry point also. 


we we wo 


LD A, RTRYS ; get initial retry count 


DRETRY : 
LD (RTCNT),A 3; set retry counter 
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3; If we are operating the FDC with the Z80 DMA device, 

; Form the Z80 DMA device reading and writing table 

; for the current operation (patch WRO,TC, and DMA address). 
; Send this table to the Z80 DMA to enable the transfer. 

> 


IF DMAOP 

LD HL, WRO 3; point to DMA write register 0 

RES 2, 3; set direction bit-2 for reading first 

LD A, (RWPL) 3; get read/write flag 

OR A ; test for reading 

JR Z, DMAM1 ; if reading, direction is correct 

SET 2,M ; set direction bit-2 for writing 
DMAM1 : 

LD HL, (SAVEL) 3; restore pointer to Terminal Count valu 

LD E, (EL) 

INC HL 

LD D, (HL) 3 Terminal Count in DE 

LD (TC) ,DE 3; set TC of Z80 DMA RW table 

LD HL, (DVRTBL+DMA) 3 get selected DMA address 

LD (ADDR), HL 3; set DMA address of Z80 DMA RW table 

LD HL,RWDMA 3 point to DMA table 

LD BC,RWDMAL SHL 8 + ZDMA ; port and length 

OTIR ; send Z80 DMA RW table 

ENDIF 


Now send the 765 RW table to that device to enable 
the current read or write operation. 


we we we we 


LD - A, (FDCOP) 

LD B,A 3; FDC command in B 

LD C,9 3; length of command in C 
CALL CMDRDY 3; issue command 


If we are operating the 765 in programmed I/0 mode, now 
we must enable Programmed I/O on the controller board and 
set up the registers for the INIR or OTIR loops. 


we we we we we 


IFF DMAOP 
LD HL,(SAVHL) . j restore pointer for transfer code 
LD B, (EL) 3 initial INIR count in B reg 
INC HL 
LD D, (HL) j number of INIR's in D reg 
LD HL, (DVRTBL+DMA ) 3; DMA address in HL 
LD C,DDATA ; FDC data port in C 

? 
LD A, (LATCH) 3; get current control latch 
SET PIOEN,A 3; set the Programmed I/0 bit — 
LD (LATCH) ,A $ update current control latch 
OUT (CONTRL) ,A $ send new latch to the board 
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we we we 


wee we we we 


PU we we we wee we 


° 
) 
e 
’ 
° 
? 


? 


? 
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Now branch to the proper Programmed I/0 loop 
depending on if we are reading or writing. 


LD A, (RWFL) 3 get the RW flag 
OR A 3; test for reading r 
JR Z, PGMRD ; to read loop if reading 


This next instruction is performed because the NEC 765 will 
throw away the first byte sent to it when writing. 


OUT (DDATA),A 
Z80 Programmed I/0 write loop. Register E contains the count 


value for the OTIR instruction and register D contains the 
number of OTIR instructions that need be performed. 


GHWR : 


OTIR 3; Mass output 

DEC D ; more OTIR's to go? 
JR NZ, PGMWR ; yes if non-zero 

JR PGMDN ; done with write loop 


Z80 Programmed I/O read loop. Register E contains the count 
value for the INIR instruction and register D contains the 


; number of INIR instructions that need be performed. 


PGNRD: 
INIR 3; Mass input 
DEC D 3; more INIR's to go? 
JR NZ, PGMRD 3; if non-zero 

; 

PGMDN: 


we we wo we 


wee we we we 


Programmed I/O transfer is now complete. Reset the 
programmed I/O enable bit on the controller board. 


LD A, (LATCH) ; get current latch setting 
RES PIOEN,A ; reset PIOEN bit 

LD (LATCH) ,A 3; update current latch 

OUT (CONTRL) ,A 3; send to controller board 


Now the Programmed I/0 timeout bit must be checked in 
case of dead=-man timeouts in reading or writing. 


IN A, (CONTRL) 
BIT 6,A ; test PIOEN time out error 
JR Z,WTINT 3; if not, wait for interrupt 
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; If the Programmed I/O timeout bit was TRUE, we must attempt 
3; to determine the cause of the error without the help of the 
3; NEC 765 returned status registers. 

; 


CALL RESYNC Re-syncronize with the uPD765 


we 


LD B, RIDCMD 

LD A, (DVRTBL+FMT )} 3; get format type value 

BIT 6,A 3; test density bit-6 

JR Z, PGHE1 3; if single-density 

SET 6,8 3 set MFM bit-6 in FDC command 
PGME1: CALL READID 3; read an ID field 

JR NZ, RWERR1 3; if bad read ID operation 

LD A, (RWSTBL+3) 3 get cylinder 

LD HL, TRACK 3; point current sector 

CP (HL) 3; same? 

JR NZ, RWERR2 3 no, recal and re-seek 

JR - RWERR3 ; yes, retry disk operation 

ENDIF 


Reading and writing result phase begins here if using DMA 
operation or there was not a deadman time in Programmed I/0 mode. 


St we we we we 


TINT: CALL DPOLL wait for completion interrupt 


; 
LD A, (RWSTBL) 3 get ST-0 
AND OCOH 3; mask error bits 
JR Z, RWERRE ; if successful operation 


If operating in Programmed I/O mode, a 765 end of track 
error is used to break the FDC out of a read or a write operation. 
This code determines if the pending error condition is an EOT error. 


we we we we we 


IFF DMAOP 

CP OH 3; check ST-0 for improper termination 
JR NZ, RWERR1 3; it not, then no EOT error occured 
LD HL, RWSTBL+1 3 point to ST-1 

BIT TM 3; test for EOT 

LD A,O ; prep for error exit routine 

JR NZ, RWERRE 3; yes, normal non-DMA termination 
ENDIF 


? . 
; Test for a drive not ready condition and branch 

3; to the error exit routine with the proper result if true. 
; 


RWERR 1: 
LD A, (RWSTBL) 3 get ST-0 result 
BIT 3,A 3; check drive not ready bit 
LD A,2 3; get result code 
JR NZ, RWERRE 3 and quit if true 
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Now check the wrong cylinder bit in ST-2. If not true, then branch 

to more error routines. If true, then recalibrate tke drive and perform 
a re-seek to the selected track. RWERR2 provided for Programmed I/O mode. 
A recalibration and re-seek combination is allowed only once by the 
recal flag (RECFL). 


we we we we we we 


LD A, (RWSTBL+2) 3; get ST=-2 result 
BIT KA 3 test wrong cylinder 
JR Z, RWERR3 3 no, skip recalibrate 
RWERR2: ; 
LD HL, RECFL 3; point to recal flag 
DEC (EL) 3; recal done? 
LD A,10H 3; get seek error code 
' JR NZ, RWERRE 3; yes, skip it 
CALL RECAL ; recalibrate the drive 
JP RESEEK 3 and re-seek selected track 


Check the retry counter for zero and perform preset number 
of retrys to read or write a sector. Variable updated at DRETRY 
entry point. 


TE we we we we we 


WERR3: 
LD A, (RTCNT) $; get retry counter 
DEC A ; one less retry 
JP NZ, DRETRY 3; if not zero 


Attempt to determine the type of error encontered through the 
testing of the 765's status registers. Branch to error exit 
routine with a valid result code. 


we we we we we 


LD HL, RWSTBL+1 3 point to ST-1 

BIT 1,M 3; test write protect bit 
LD A,3 3; get WP code 

JR NZ, RWERRE 

BIT 2,M 3 test No Data 

LD A,12H 3 get code 

JR NZ, RWERRE 

BIT 4M 3; test over-run 

LD A, 16H 3 get code 

JR NZ, RWERRE 

BIT 0,M 3 test missing AM 

JR Z, RWERRS 3 no, skip 

INC RL 3 point to ST-2 

BIT 0,M ; test missing data AM 
LD A,14H 3 get code 

JR NZ, RWERRE ; if true 

LD —soA, 1148 ; must be missing ID AM 
JR RWERRE 
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RWERRY : 
BIT 5M 
LD A,1 
JR Z, RWERRE 
INC HL 
BIT 5M 
LD A, 15H 
JR NZ, RWERRE 
LD A, 13H 


J we ee wo we 


WERRE : 
LD (DVRTBL+RESULT) ,A 
RET 
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test CRC error 

get code for unknown 

if not CRC error 

point to ST-2 

test CRC error in data field 
get code 


must be CRC error in ID field 


Error cxit entry point. The result field in the drive descriptor 
block is set to the value in the ACC and then returns to caller. 


set result field 
done 
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5.5 DRIVER SUBROUTINES 


? 
3 
3; on the board and if not the same, 
? 
3; is selected on the board, 
, 
DSKSEL: 
LD A, (DRIVE) 
AND 3 
CP B 
JR Z, DSKCEK 
LD E,A 
LD D,O 
LD EL, TRKTBL 
ADD EL,DE 
LD A, (TRACK) 
LD (EL),A 
LD E,B 
LD BL, TRKTBL 
ADD HL,DE 
LD A, (HL) 
LD (TRACK),A 
LD A,B 
DSKCHK: 
RRCA 
RRCA 
AND OCOH 
LD E,A 
LD EL, LATCH 
LD A, (HL) 
AN 03FH 
OR E 
LD (EL) ,A 
OUT (CONTRL),A 
LD A,B 
LD (DRIVE) ,A 
RET 


we we We we we we He we Oe we He we we we Oe we 


ee we Oe we we we we we we we we we 
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Drive select subroutine. The new drive number (0-3) should be in 
register 3. The new drive is checked against the current drive selected 
the track table is used to store the 
old track number and get the new drives track number, then the new drive 


get current drive 

mask to drive number 
Same as new? 

yes, skip select 

old disk in E 

prep for double add 

get base of track table 
point to disk rel entry 
get track from RW table 
and place in track table 
get new disk in E 

get base of track table 
point to disk rel entry 
get entry from track table 
and place in RW table 
get back new drive 


shift to bits 6&7 
mask off other bits 
keep in E 

point to current latch 

get it 

clear old drive select 

add new drive 

restore it 

send to controller board 

get restore ACC to new drive 
set drive number in RW table 
done 


; Recalibrate the current board selected drive. The 765 recalibrate 
3; command is issued and the track field in the RW table set to 0. 


’ 
RECAL: 
LD BC,RECCMD SEL 8 + 2 
CALL CHDRDY 
CALL DPOLL 
XOR A 
LD (TRACK) ,A 
RET 


we won we 


we 


we 


get recal command and length 
issue command 
wait for completion 


reset track field in RW table 
done 
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Read sector ID field. The B register contains either a single- 
or a double-density read ID command. The command is issued and 
ST-0 error bits mask. ZERO flag is set if no error occured, 


TO we we we we we 


READID: 
LD C2 

CALL § CMDRDY 
CALL  DPOLL 


length in C 
issue command 
wait for completion 


we we ee we we we 


LD A, (RWSTBL) get status 
AND OCOH mask error bits 
RET with ZERO set for success 


Send command to NEC 765 subroutine. 
initial command in reg B, additional bytes are sent from the 


beginning of the READ/WRITE table as requested by the 765. 
register C contains the number of bytes that should be transfered. 


we we we we we 


CHDRDY: 
IN A, (FDCMSR) ; get main status register 
BIT KYA 3; mask FDC busy bit-4 
JR NZ, CMDRDY ; loop if busy 
LD HL, RWTBL 3; point to RW table 
CEDOUT: 
IN A, (FDCHSR) ; get main status register 
BIT T,4 ; test RQM 
JR ° Z,CHDOUT 3; loop if not ready 
BIT 6,A ; test DIO for direction 
RET NZ ; if 765 full 
LD A,B 3; get byte for output 
OUT (DDATA),A ; send it 
LD B, (HL) 3; get next byte for output in B 
INC HL ; bump RW table pointer 
DEC c ; count=count-1 
JR NZ, CHDOUT 3; loop if more to send 
RET : ; done | 


SYSTEMS GROUP Technical Manual 


5-16 FDC-2800/2801- Floppy Disk Controller 


Software Considerations 


Receive NEC 765 result phase subroutine. 


J 
? 
3; The results of an operation are read out of the 765 as 
3; requested to be read by the DIO bit-6. The results are loaded 
; into the RW status table. 
’ 
CHDRES: 
LD HL, RWSTBL 3; set result table pointer 
CMDRS1: 
IN A, (FDCHSR) 3; get main status register 
BIT 7,A 3; test ROM 
JR Z,CHDRS1 3; loop if not ready 
BIT 6,A 3 test DIO 
RET Z ; if done receiving 
IN A, (DDATA) 3 get result byte 
LD (HL),A 3 store data in table 
INC HL ; bump table pointer 
JR CHDRS1 3 and loop for more 


isk polling subroutine. This is called 


rom the xIOs. 


POLL: 
IN A, (CONTRL) ; 
BIT INTRQ,A ; 
JR Z,DPOLL ; 
CALL FLINT ; 
JR _ C,DPOLL ; 
RET H 


when waiting on the 765 


D 

to perform an operation in which it will interrupt when completed. 
NOTE that for MP/M system driver, the flagwait routine is called 
f 


get control status 

test interrupt line - 
and loop until received 
clear 765 INT line 

if invalid interrupt 
from DPOLL 


Now the 765 result phase must be performed for any interrupting 


3; type of command. If the 765 busy bit is 


set, the results from a 


read or a write type command must be read. If the 765 busy bit is 
not set, then a sense interrupt status command is sent and the 


LINT: 
IN A, (FDCMSR) ; 
BIT 4A : 
JR NZ, RWDN1 ; 
LD BC,SISCMD SEL 8 + 2 H 
CALL CMDRDY H 
RWDN1: 
CALL CMDRES ; 
LD A, (RWSTBL) ; 
AND OCOH > 
CP OCOH ; 
JR NZ, RWDN2 ; 
IN A, (FDCMSR) 
AND OFH ; 
SCF 
RET NZ ; 


; 
P] 
; 
; 
3; results of a seek, recal, or drive ready change interrupt are read out. 
; 
F 


get main status register 

busy? (read or write in process) 
yes, read results out 

get command and length 

issue sense interrupt status command 


read the results 

get ST-0 

mask error bits 

drive ready change? 

no, exit valid interrupt 
any drive seeking? 


yes, wait for completion 
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RWDN2: 


If using the DMA operation mode, the 280 DMA device is disabled 
and any pending DMA interrupt is reset, 


we we we we 


IF DMAOP 
LD A,083H 
QUT (ZDHA),A ; disable DMA device 
LD A,0OA3H 
OUT (ZDMA),A ; reset INT 
ENDIF 
; 
XOR A 3; clear CY for exit valid 
RET ; from Polled DPOLL 
IFF DMAOP 


3 Clear the uPD765 status port. 

3; This routine is called after an error in a programmed I/0 transfer 

3; with the uPD765. The Main status register is used to clear the device 
3 of any command or result transfer and re~syneronize with the device. 
; 
R 


ESYNC: 


IN A, (FDCMSR) ; get main status register 
BIT 7,A 3 test DRQ bit 
JR Z, RESYNC 3; wait for this to go true 
? 
BIT 4,A ; test controller busy bit 
. RET Z 3 and quit if busy bit reset 
BIT 6,4 3; now test DIO for direction 
JR NZ,SYNC1 ; read data port if bit is set 
XOR A 
QUT (DDATA),A j; write null data if bit is reset 
JR RESYNC 3 and retest main status 
SYNC1: 
IN A, (DDATA) 3 read some data 
JR RESYNC 3; and retest main status 
ENDIF 
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; 765 read/write table 


Wee we we we we "we we we 
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drive number 
track number 
head number 


sector number 
bytes/sector code 
end of track 

gap length 

data length 


read/write status table 


; 280 DMA table: Sent to device for initialization or re-initialization 


° 
? 


we we we we we we we we we we we 


disable DMA 


reset device, 

reset INT 

port Asmemory, port A increments. 
port B=I/0, port B fixed. 

stop end of block, ready active high 
burst mode, ICB and port B LSB follows 
port B LSB 

INT at end of block 

Port B equals temp source 

load Port B fixed address 

length of transfer 


; Z80 DMA table: Sent to device for reading and writing. 


RWTBL: 
DRIVE: DB 0 
TRACK: DB 0 
HEAD: DB 0 
SECTOR: 
DB 0 
N: DB Q 
EOT: DB 0 
GPL: DB 0 
DTL: DB 0 
RWSTBL: 
DB 0,0,0,0,0,0,0 
IF DMAOP 
IZDMA: 
DB 083H 
DB 0C3H,0C3H,0C3H 
DB 0C3H,0C3H,0C3H 
DB O0A3H 
DB O14H 
DB 028H 
DB O8AH 
DB OD5H 
DB DSKB+6 
DB 002H 
DB 001H 
DB OCFH 
IZDMAL EQU $-IZDMA 
RWDMA: 
DB 083H 
WRO: DB 079H 
ADDR: DW 0 
TC: DW 0 
DB OCFH 
DB OABH 
DB 087H 
RWDMAL EQU $~RWDMA 
ENDIF 


Mee we we we we we we we 


disable DMA 

Port A address and block length follows 
patched port A address 

patched terminal count (length) 

load registers 

enable INT 

enable DMA 

length of transfer 
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; read/write value tables 


RWVALS: 


TRKTBL: 


RTCNT: 
RECFL: 
RWFL: 

FDCOP: 
SAVHL: 


LATCH: 


LATCH: 


DNAOP 

07H,080H,O7FH,0 
OEFH,OFFH,OFFH,O 
1BH,OFFE,OFFH,1 
35H, OFFH,OFFH,3 


07H,080H,080H, 1 
OEH,OFFH,000H, 1 
1BH, OFFH ,000H, 2 
35H, OFFH,000H,4 


DMAOP 
OOBH 


009H 


; Uneinitialized data area 


ALVSIZ 
CSVSIZ 


ALVO: 
cSVO0: 
ALV1: 
CSV1: 


DIRBUF : 


SECBUF 


SECBUF: 


EQU 
EQU 


DS 
DS 
DS 
DS 


DS 


IF 
EQU 
ELSE 
DS 
ENDIF 


END 


39 
64 


ALVSIZ 
CSVSIZ 
ALVSIZ 
CSVSIZ 
128 


DMAOP 
OFCOOH 


1024 
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GPL,DTL,Terminal Count 


GPL,DTL,Transfer Code 


track table (support four drives) 
retry counter (set to number of retrys) 
recal flag (set to number of recals) 

RW flag (O=sreading, 1l=writing) 

FDC read or write command 

temp HL storage 


board latch for DMA buffering 


' programmed I/0 default setting 


directory buffer (CP/M) 


sector buffer 
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CHAPTER 6 


WARRANTY 


All Products sold hereunder are warranted on a return-to-factory basis 
against defects in workmanship and material under normal and proper use 
for a period of one (1) year from the date of delivery. 


As a cordition of this warranty, Purchaser must (i) obtain a Return 
Materials Authorization (RMA) Number and shipping instructions from 
Measurement Systens and Controls, Inc. (ii) ship the Product, transpor- 
tation prepaid, to the designated Measurement Systems and Controls, Inc. 
Repair Facility in the United States, and (iii) include with the returned 
Product a written description of the claimed defect. Transportation 
charges for the return of the Product to Purchaser within the contiguous 
forty-eight (48) United States, Alaska, Hawaii and the District of 
Columbia will be paid by Measurement Systems and Controls, Inc. For pro- 
ducts returned from all other locations, this warranty will be honored at 
the nearest Measurement Systems and Controls, Inc. Repair Facility in the 
United States but excludes all costs of transportation, customs clearance 
and any other related charges. If Measurement Systems and Controls, Inc. 
determines that the Product is not defective as herein defined, Purchaser 
shall pay Measurement Systems and Controls, Inc. all costs of handling and 
transportation and any repairs will be at the then prevailing Measurement 
Systems and Controls, Inc. repair rates. 


Measurement Systems and Controls, Inc. sole responsibility under the above 
Product warranties will be, at its option, to either repair or replace any 
component which fails during the period of the applicable warranty due to 
a defect in workmanship or material, provided Purchaser has pramptly 
reported same to Measurement Systems and Controls, Inc. All replaced 
Products or parts shall became Measurement Systems and Controls’, Inc. 
property. 


All above warranties are contingent upon proper use of the Product. These 
warranties will not apply (i) if adjustment, repair or parts replacement 
is required because of accident, unusual physical, electrical or electro- 
Magnetic stress, neglect, mis-use, failure of electric power, air condi- 
tioning, humidity control, transportation, failure of rotating media not 
furnished by Measurement Systems and Controls, Inc., operation with media 
not meeting or not maintained in accordance with Measurement Systems and 
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Controls, Inc. specifications or causes other than ordinary use, or (ii) 
if the Product has been modified by Purchaser, or (iii) where Measurement 
Systems and Controls, Inc. serial numbers or warranty date decals have 
been removed or altered, or (iv) if the Product has been dismantled by 
Purchaser without the supervision of or prior written approval of 
Measurement Systems and Controls, Inc. 


EXCEPT FOR THE EXPRESS WARRANTIES CONTAINED HEREIN, MEASUREMENT SYSTEMS 
AND CONTROLS, INC. DISCLAIMS ALL WARRANTIES ON THE PRODUCTS FURNISHED 
HEREUNDER, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND 
FITNESS; and the stated express warranties are in lieu of all obligations 
or liabilities on the part of Measurement Systems and Controls, inc. 
arising out of or in connection with the performance of the Products. 
Measurement Systems and Controls, Inc. is not liable for any indirect or 
consequential damages. 


After the warranty period, the Products will be repaired for a service 


charge plus parts, provided that it is returned prepaid to Measurement 
Systems and Controls, Inc. after retaining a RMA. 
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APPENDIX A 


S-100 BUS SIGNALS 


Task 696.1/D2 of the Institute of Electrical and 
Electronics Engineers (IEEE) has defined a standard for 
the S-100 computer bus. The IEEE standard deals with 
Many aspects of the S~-100 bus, including physical 
dimensions, definitions for each of the 100 bus signals 
(pins), electrical driving requirements, signal timing, 
and interrelationships which must exist between the 
various signals. The table on the following pages sum 
marizes the functional definitions for each of the 100 
bus signals. 


SYSTEMS GROUP Technical Manual 


PWREAIL 


AQ) 
D01/DATAL 
DOO/DATAO 
Alo 
DO4/DATA4 
DOS/DATAS 


DC power 
DC power 


One of two ready inputs to the current bus master. 


. 
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Description 


The 


bus is ready when both these ready signals are true. 


See pin 
Vectored 
Vectored 
Vectored 
Vectored 
Vectored 
Vectored 


72. 
interrupt 
interrupt 
interrupt 
interrupt 
interrupt 
interrupt 


line 
line 
line 
line 
line 
line 


« 
e 
. 
e 


Vectored interrupt line 
Vectored interrupt line 
Non-maskable interrupt. 
Power fail bus signal. 
Temporary master priority bit 3. 

Extended address bit 18. 

Extended address bit 16. 

Extended address bit 17. 

The control signal to disable the 8 status signals. 

The control signal to disable the 5 control output 
signals. 

Common with pin 100. 

Not to be defined. Manufacturer-specified line. 

The control signal to disable the 16 address signals. 
The control signal to disable the 8 data output signals. 
The master timing signal for the bus. 

Status valid strobe. 

A control signal used in conjunction with HOLD to 
coordinate bus master transfer operations. 

Reserved for future use. 

Reserved for future use. 

Address bit 5. 
Address bit 4. 
Address bit 3. 
Address bit 15. 
Address bit 12. 
Address bit 9. 
Data out bit l, 
Data out bit 0, 
Address bit 10. 
Data out bit 4, 
Data out bit 5, 


0 
1 
2 
3 
4 
5 
6 
7 


bidirectional bit l. 
bidirectional bit 0. 


bidirectional bit 4. 
bidirectional bit 5. 
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Pin # Name Description 
40 DO6/DATA6 (Data out bit 6, bidirectional bit 4. 
4l DI2/DATA10 Data in bit 2, bidirectional bit 10. 
42 DI3/DATAl1lL Data in bit 3, bidirectional bit 11. 
43 DI7/DATA15 Data in bit 7, bidirectional bit 15. 


———— a re 


44 sM1 The status signal which indicates that the current 
cycle is an opcode fetch. 

45 sOUT The status signal identifying the data transfer bus 
cycle to an output device. 

46 sINP The status signal identifying the data transfer bus 
cycle fran an input device. 

47 SMEMR The status signal identifying bus cycles which transfer 


data fran memory to a bus master, which are not inter- 
rupt acknowledge instruction fetch cycle(s). 


48 SHTLA The status signal which acknowledges that a HLT 
instruction has been executed. 

49 CLOCK 2 mHz clock. Not required to be synchronous with any 
other bus signal. 

50 GND Common with pin 100. 

51 +8 VOLTS Common with pin 1. 

52 -16 VOLTS [C power. 

53 GND Common with pin 100. 


54 SLAVE CIR A reset signal to reset bus slaves. Must be active 
with POC and may also be generated by external means. 


55 DMAO Temporary master priority bit 0. 

56 DMA] Temporary master priority bit 1. 

57 DMA2 Temporary master priority bit 2. 

58 SXTRQ The status signal which requests 16-bit slaves to 
assert SIXTN. 

59 Al9 Extended address bit 19. 

60 SIXIN The signal generated by 16-bit slaves in response to 
the 16-bit request signal sxXTRQ. 

61 A20 Extended address bit 20. 

62 A21 Extended address bit 21. 

63 A22 Extended address bit 22. 

64 A23 Extended address bit 23. 

65 NDEF Not to be defined. Manufacturer-specified line. 

66 NDEF Not to be defined. Manufacturer-specified line. 


67 PHANTOM A bus signal which disables normal slave devices and 
enables phantom slaves. 

68 MNRT SWO-sSOUT (logic equation). 

69 RFU Reserved for future. use. 
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100 


DI5/DATA13 
DI6/DATA14 
DI1/DATA9 
DI0/DATA8 


sINTA 


EDESEEOO Le BOS Floppy Disk Controller 
S-100 Bus Signals 


Description 


Common with pin 100. 

Reserved for future use. 

One of two ready inputs to the current bus master. 
bus is ready when both these ready signals are true. 
See pin 3. 

The primary interrupt request bus signal. 

The control signal used in conjunction with pHDLA to 
bus master transfer operations. 

The reset Signal to reset bus master devices. This sig- 
nal must be active with POC and may also be generated by 
external means. 

The control signal identifying BS1. 

The control signal identifying the presence of valid 
data on DO bus or data bus. 

The control signal that requests data on the DI bus or 
data bus fram the currently addressed slave. 

Address bit 0 (least significant) . 
Address bit l. 

Address bit 2. 

Address bit 6. 

Address bit 7. 

Address bit 8. 

Address bit 13. 

Address bit 14. 

Address bit ll. 

out bit 2, bidirectional bit 2. 
out bit 3, bidirectional bit 3. 
out bit 7, bidirectional bit 7. 
Pata in bit 4, bidirectional bit 12. 
Data in bit 5, bidirectional bit 13. 
Data in bit & bidirectional bit 14. 
Data in bit 1, bidirectional bit 9. 
Data in bit 0 (least significant bit 
bidirectional bit 8. 

The status signal identifying the bus input cycle(s) 
that_may follow an accepted interrupt request presented 
on INT. 

The status signal identifying a bus cycle which 
transfers data fran a bus master to a slave. 

The bus signal signifying and error condition during 
present bus cycle. 

The power-on clear signal for all bus devices. 

System ground. 


The 


for 8-bit data), 
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APPENDIX B 
DEVICE SPECIFICATIONS 
This Appendix contains specification data sheets for 


the principal integrated circuit devices utilized in 
the FDC-2800/2801 Floppy Disk Controller. 


uPD765A SINGLE/DOUBLE DENSITY FLOPPY DISK CONTROLLER .....eccceccesees BH3 


Z80—DMA DIRECT MEMORY ACCESS CONTROLLER ....secese weer cc cccecccecccces B-23 


Information regarding the UPD765A is reprinted courtesy 
of NEC Microcomputers, Inc., 173 Worcester Street, 


Wellesley MA 02181. 


Information regarding the Z80-DMA is reprinted courtesy 
of Zilog, 10460 Bubb Road, Cupertino CA 95104. 


SYSTEMS GROUP Technical Manual 


B-2 


FDC-2800/2801 Floppy Disk Controller 
Device Specifications 


SYSTEMS GROUP Technical Manual 


FDC-2800/2801 Floppy Disk Controller 
Device Specifications 


DEVICE SPECIFICATION 


uPD765A SINGLE/DOUBLE DENSITY FLOPPY DISK CONTROLLER 


DESCRIPT LON 5:56 e:5:0:46' 6-18 dieie'6 ote lar6 “eteia le s6eve 6a 6-wre: a: aie wialece.el aie ens @.0oareleiere 4 aide wlaveions 
EBATURES cece wen e ere mee eer eee Cee eee Cee OCR a CECA HEH HOCH Oe OES 
PIN: ‘CONP'IGURAT TION a s:/s:'5:'e: a0: 0.5) site ex'o.'0ie 5) 005 sete We've ae ae"a.'e/0ie Weile'eaie otis Wie eiese ‘et ecel ec 
BLOCK. DIAGRAM © 6.6.60 0:0:iepeiele sere 6:0 06:00: 66.565 0s :0 191 0:6°6.6.-0 00 0160) 9:6. 0 0:48.08. 8S 8ie ee: oe ea.e 
ABSOLUTE MAXIMUM RATINGS ..cccccccccccccccccccccctececececseceseseesee 
DC CHARACTERISTICS .ccccccccccccccccccce ssc ccccccc ccc ecesese eee eres 
PIN -TDENTIFICATION  oie:05s: o:sie:0: sei 0,0" 60\\0-0%66, oe: 0-06! 0 o-0:0/ ie aig eo 0-a\e' es) #iacsle.6.e 626 woes 
AO CHARACTERISTICS .cccccccccscccccrcrccccccrecccccscc see seseveseseeees 
CAPACT TANKER | So.es5 75.6 0ib:u5 al. aise ete iwi ie w ele: 06 chica: ee wie lel gi earns alae: soba te: stereo oc ereeaie ets 
INTERNAL: ‘REGISTERS: w:cie cats si0.8.6:058:6 wie sielie 86 8S 6 lele gs 00700 ele eiis Toke 'e ioe ee: 6.7010 ew ote 6 
PACKAGE: OUTTSINE: (o:ci0c5/6.ce0ce'e tole Sulee7m' oid aiehe la: pce aia e levee ocGnelS e's tease Wiles eee ere. esis 
COMMAND “SEQUENCE | s.seisic.oi0:5/e6.6:5.0, cae ois wieWis ace, «sie aw, oe lee ia 6 stele wise widle a pie eiaca'e 
INSTRUCTION SET! ore 0 0s 0:6 sis'ee''s :0)e. 0 6 0:8 010100. 010 66:00 0101006010 @ 00 6.6/0 eb e wa: 8 oi eie'e's 
COMMAND SYMBOL DESCRIPTION ...cccccccc ccc ccc cccc ccc ccc sccsssssveseeees 
SYSTEM CONFIGURATION ..cccccccscccccccsccccccvecccc esse esccesceseesese 
PROCESSOR. INTERFACE. ‘i's 0:'6'6:'s-60:0 500.04 6 66 6:66.01 o'8)0i0.6.6'8:0:6 60:0: 0)e,0'0.6 00050 :8's 6 00808 
FUNCTIONAL DESCRIPTICN OF COMMANDS 
REA aC A 5a iesileriave: wel eels! iain te seieie ie lev ele OreroVS wheres leis alls ereielo Gieleions wrens 
WETS At a seeii ee erere ee 6:6.0ie 00260 Wi 1040: 0160.00.68 a wes ee Soa wa eels 
Write deleted data ...cecccsccccccccccccccecccccececsccsecs 
Read deleted Gata ccc sccccccccccccveccnccsscesccnccceseees 
REA A ELA CK ow cistein. 6 sievetere Sis eee ale. ei6 wre sce aieeleer's S10. Sie eoiere ete levers 
REA UID. we 6d aed dio sus Gv ereve. S10 a brie diese Wiese ve oh SR AGe 0b 8 Oo. 0 wwe Rew 
FOUMAE - A> CRACK vice seceierersielereusie e oreield. 05s cei0 oie ee areola e 6.459 8 ale eeenee.0% 
Sean: CGMands  «.6:0's'00/0 10/0 ee soe 010 0'e 865s 0 eee 0 0.0 0.00. 000% ees ees 
Seek @ee@oevoevee veo eoeee eee eoeoesee seve eveeseoeevneeeeeevreneeaeeseeeeeeeoene 
RECaLIDrate ccccescccvccccccscccsesesccescessccvesvsssesees 
Sense interrupt StatuS ....ccccccsrcccccccccccevsccscvccees 
Specify ccccccrccccccccccnccvcccscvcscccccssessessssesecess 
SENSE drive’ Stats: 6 \é:6's 650 6a: S68 51510: Lee a lonwyo) arera\ ese. oe, dese ere, i658 


TV. i656. 56560 05650: 8 se 56: 01.006 soe: Ove r0. 0:0 0°88 010 0-056) 45018: 406058 8 S'S 6-8 8e 08 


STATUS REGISTER IDENTIFICATION ....ccceccccccccccccccccccccccccsveceee 
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DESCRIPTION 


FEATURES 


PIN CONFIGURATION 


TM: 280 is a registered trademark of Zilog, Inc. 
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KPD765 


SINGLE/DOUBLE DENSITY 
FLOPPY DISK CONTROLLER 


The uPO765 is an LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control 
functions for interfacing a processor to 4 Floppy Disk Drives. It is capable of supporting either 

1BM 3740 singte density tormat (FM), or 1BM System 34 Double Density format (MFM} including 
double sided recording, The 4PO765 provides control signals which simplify the design of an 
external phase locked joop, and write precompensation circuitry. The FDC simprifies and handles 
most of the burdens associated with implementing a Fioppy Disk Interface. 


Hand-shaking signals are provided in the uPOD765 which make OMA operation easy to incorporate 
with the aid of an external OMA Controiter chip, such as the uPD8257. The FDC wil! operate in 
either OMA or Non-DMA maae. In the Non-OMA mode, the FDC generates interrupts to the 
processor every time a data byte is available. In the OMA mode, the processor need only load the 
command into the FOC and all data transfers occur under control of the uPO765 and OMA 
controlter. 


There are 15 separate commands which the uPD765 will execute. Each of these commands require 


multiple 8-bit bytes to fully specify the operation which the processor wishes the FDC to perform. 
The following commands are available: 


Read Data Sean High or Equal Write Deleted Data 

Read ID Scan Low or Equal Seek 

Read Deleted Data Specify Recalibrate (Restore to Track 0) 
Read a Track Write Data Sense Interrupt Status 

Sean Equal Format a Track Sense Drive Status 


Address mark detection circuitry is internal to the FDC which simplifies the phase locked loop and 
read electronics. The track stepping rate, head load time, and head unload time may be programmed 
by the user. The uPD765 offers many additional features such as multiple sector transfers in both 
read and write with a single command, and full IBM compatibility in both single and double 

density modes. 


e IBM Compatible in Both Single and Double Density Recording Formats 

@ Programmable Data Record Lengths: 128, 256, 512, or 1024 Bytes/Sector 
Multi-Sector and Multi-Track Transfer Capability 
Drive Up to 4 Floppy Disks 
Data Scan Capability — Will Scan a Single Sector or an Entire Cylinder’s Worth of Data Fields, 
Comparing on a Byte by Byte Basis, Data in the Processor’s Memory with Data Read from the 
Diskette 


e Data Transfers in OMA or Non-DMA Mode 
« Parallel Seek Operations on Up to Four Drives 
© Compatible with Most Microprocessors Inctuding 8080A, 8085A, uPD780 (Z80T™) 
e Single Phase 8 MHz Clock 
e Single +5 Voit Power Supoly 
« Available in 40 Pin Ptastic Dual-in-Line Package 
ReseTC t 400) vec 
RO 2 sare SEEK 
we 3 380 LcT/o1R 
ts 4 370 FRISTP 
Ag 5 36) HOW 
DBp C6 350 RDY 
08, 7 3410 wets 
O82 8 33D FLT/TRo 
083 G9 MPD 321 PSq 
08s 10 765 34 FPS; 
OBs VW 30L] WOA 
Dag 12 2910 uso 
oe, 13 2810 Us, 
oro 14 27 AHO 
pack (] 15 260 mem 
req 16 250 we 
10x17 24 vco 
INTO 18 a RO 


eck {19 225 Row 
GNOC 20 215) weK 
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# PD765 


BLOCK DIAGRAM 


08o.7 
wR CLOCK 
= WR DATA 
WR ENABLE 
TERMINAL PRE-SHIFT 0 
SERIAL 
NT 
cout INTERFACE PRE-SHIFT 1 
CONTROLLER 


ORIVE 
INTERFACE 
CONTROLLER 


Operating Temperature. 6.0.0... eee eee ee 
Storage Temperature ........ 0. cece eee 


All Output Voitages ... 0... 0.0. ce ee eee 
Alt tnput Voltages... 0. cc cee eee 
Supply Voltage Vcc ........ 
Power Dissipation .........0. 00 cee eeee 


RD DATA 
READ DATA WINDOW 
Vco SYNC 


REAOY 

WRITE PROTECT/TWO SIDE 
INDEX 

FAULT/TRACK 0 


UNIT SELECT O 

UNIT SELECT 1 

MFM MODE 

“AWISEEK 

HEAD LOAD 

HEAD SELECT 

‘LOW CURRENT/OIRECTION 
FAULT RESET/STEP 


-40°C to+125°C + RATINGS* 
-0.5 to +7 Voits 
-0.5 to +7 Voits 
-0.5 to +7 Voits 

1 Watt 


COMMENT: Stress above. those listed under “Absolute Maximum Ratings’’ may cause pérmanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 


implied. Exposure to absolute maximum rating condit 
reliability. 


a=25°C 


Ty=0°C to +70°C; Vec = +5V + 5% unless otherwise specified. 


PARAMETER SYMBOL Tin] 


va rae 
Input High Voltage 2.5 


Output High 
Voltage 


input Low Voltage 
{CLK + WR Clock) 
input High Voitage 
{CLK + WR Clock) 


Input Load Current 
(AHF Input Pins) 


High Level Output 'LOH 
Leakage Current 
Low Level Output ILou 


Output Low Voltage 0.45 Vv tol = 1.6mA 


Vcc Supply 
Current 


ions for extended periods may affect device 


PO aT 


TEST 
Lovo 
Sa 8 


ea 


lon = -150 uA 
for Data Bus 
{OH = -80 uA 
for other 


VouT = Vcc 


-10 


Leakage Current 


lic 


Note: @ Typical values for Ta? 25°C and nominal suppiy voltage. 
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INPUT/} CONNECTION 
Pno[ svmeoul NAME __jouTru Coe at 
RST Processor Places FDC in idle state. Resets output 
lines to FDD to “0” (low). 


Input) Control signal for transter of data from 
FDC to Data Bus, when 0" (low), 
Chip Setect Processor IC selected when 0" (low}, allowing RD 
and WR to be enabled. 
Oata/Status Reg Select Selects Data Reg (Ag=1) or Status Reg 
{Ag=0} contents of the FOC to be sent to 
Data Bus. 
Pent aah roe 
Data DMA Request DMA Request is being made by FDC when 
ORQ=""1"" 
BACK DMA Acknowledge OMA OMA cycle is active when “0 (low) and 
Controller is performing OMA transfer. 
TT Terminat Count Indicates the termination of a OMA trans- 
fer when “1 (high). 


117 | 10x [index [tnput [FOO ‘| indicates the beginning of a disk track. | 
[ie_[ Nt —[toverapt urea | Procenor | rveruor Request Generated by FOC | 
A A ST 
GC CLL 


WCK Write Clock Input Write data rate to PDD. FM = 500 kHz, ‘ 
MEM = 1 MHz, with a pulse width of i 
250 ns for borh ©M and MFM. ' 


Read Data Window Phase Lock Loop| Generated by PLL, and used to sample : 
data from FOD. | 
Read data from FOD, containing clock 
and data bits. 
vco VCO Sync Phase Lock Loop| Inhibets VCO in PLL when “0” {low!, 
enables VCO when "1". 


[aL eee tna FOO Erte at nF, 


ge. 
27 Head 1 selected when “1” (high), 
Head 7 selected when “0” (low). 
[26.24 U54,USq| Unie Seect — [Outour [FOO ‘| FOO Unit Selere. 
Ee 


4 Precompensation Write precompensation status during 
(pre-shift) MFM mode. Determines early, jate, and 
normal times. 
Senses FOO fault condition, in Read/ 


Write mode: and Track 0 condition in 
Seek mode. 


Senses Write Protect status in Read/ 
Write mode; and Two Side Media in Seek 
mode. 


ROY indicates FOO is ready to sand or receive 
data. 

HOL Head Load Command which causes read/write head 
in FOO to contact diskette. 

37 FR/STP | Fit Reset/Step Resets fauit F.F. in FOOD in Read/Write 
mode, contains step oulses to move 
head to another cylinder in Seek mode. 

LCT/OIR] Low Current/ FOO Lowers Write current on inner tracks in 
Direction Read/Write mode, determines direction 
head will step in Seek mode. 
SEEK] Read Write/SEEK When "1" (high) Seek mode setected 
and when "0" (low) Read/Write mode 
selected. 


a 


Note: (1) Oisabled when CS = 1. 


Control signal for transfer of data to 
FOC via Data Bus, when “0” (low). 
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ies 


= =10°C to +70°C; Voc = +5V + 5% unless otherwise specified, 


CONDITIONS 
SSS ee 
[cick Aietime SSC CYSTS CidT« CO] | C~*d 
a 2 
| Ao. TS, OACK Setup TimetoRDs =| Tan =| 30 | {ef os] 
[Ag CS OACK Hold Timetrom Rot [tra | so} | | |_| 
Se ee 


Data Access Time trom RO + 


DB to Float Delay Time from RD t 


5 
LWrwiam Tw 
ea ee a a 
A 
[iF Oney Finetrom BFF | 


INT Oey Ti rom WH a 
LY A 


ORO Delay Time trom 57 Tas 


a ee 

Paar nase Tine fon BRET ae] Taf J 

REN O_O PS 1 
a EE) | 


a ha 2 
ee a (i a ER, ES FEE 


nn 
[freshiti Osey Timefromwekt {tee _| | | 30] 


[won bey Teste mee? ————rep [ae |e 
| ROO Active Time (High) dT Tron | woof TCU Uc 


20 
Window Cycle Time Twey <0 
T, 
Window Hold Time to/from ROD ROW 
ne 


| US0,1 Hold TimetoRW/SEEKt | Paley eel pee 


SEEK/RW Hold Time to LOW CURRENT) 

DIRECTION ¢ 

LOW CURRENT/OIRECTION Hold Time to + 8 eed Clock 
FAULT RESET/STEP t¢ Ost a 

USp, 1 Hold Time from FAULT 

RESET/STEP t 

[STEP Active Time ign) | cc 

LOW CURRENT/DIRECTION Hold Time trom ae 
oa RESET/STEP : 


Notes: (1) Typical vaiues for Tg = 28°C and nominal supply voltage. 


@ The former vaiue of 2 and 1 are applied to Standard Floppy, and the latter value of 4 and 2 are 
applied to Mini-floppy. 


@ Under Software Control. The range is from 1 ms to 16 ms at 8 MHz Clock Period; and 2 to 32 ms 
at 4 MHz Clock Period. 


Ta = 25°C; f = 1 MHz 


LIMITS . TEST 
PARAMETER SYMBOL MINT TYP] MAX | UNIT CONDITIONS 
Grrentmeo| own | | a [or | 
eer ee 


fenencomem [oor | | [= [or 


All Pins Except Pin Under 
Test Tied to AC Ground 
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TIMING WAVEFORMS PROCESSOR READ OPERATION 


PROCESSOR WRITE OPERATION - 


t 
23.58 > 


Taw bee——T wwe pe Twa 
am | I 
bee——ToW——eel” Jae—T Wo 


——Twi| 
INT 
clk. \ 
1¢0 | | 
H bem | pcre 
oR ~_= it 
1 ol er 


DMA OPERATION 


| 
TAM—— | 


| 
ue 


SF ee ea 


—_—| peTrwm 
WR oR AD ee 4 
WRITE 
FDD RE*B-OPERATION 


—_ ——T 


Nae fee Te Toy —} 


i) 
WRITE ENABLE / : \ 


| 
—= he Tce 


. a eT oy . 
WRITE DATA / \ K\ / \ / \ 


PRESHIFTO | PRESHIFT 1 
normac | oo | 


peated 
Pearcy [od 


fava f+ | +1 | 
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#@PD765 
SEEK OPERATION TIMING WAVEFORMS 


Ne ee 
USo, 1 


paper Tus | | 
' 


RWISEEK , 
eT SE a} | | 


onsen XXX 
| 1 


1 
TOST pea a ps— TstTu | 1 
1 
7 
STEP re be —— TST ——sm} 
' 
— TstPe 
I 
a $$ TS i 


FLT RESET 
Hl ( 
FAULT RESET = J\ Nise 
FILE UNSAFE RESET | 
eee ee ee 


FDD READ OPERATION 
1 
| 1 
= | TROO TWA [TRow= 
i | 


| 1 
“ nsoomamneod XI 
. | 


eg $= T yy¢'y —————} 


READ DATA | | 


Note: Either polarity data window is valid. 


TERMINAL COUNT RESET 
| 
Tc 2 cae RESET = oo 
Seat ~—Tr¢ —~| Trst 


The uPD765 contains two registers which may be accessed by the main system process INTERNAL REGISTERS 
sor; a Status Register and a Data Register. The 8-bit Main Status Register contains the 

status information of the FDC, and may be accessed at any time. The 8-bit Data 

Register (actually consists of several registers in a stack with only one register pre- 

sented to the data bus at a time), which stores data, commands, parameters, and FOD 

status information. Data bytes are read out of, or written into, the Data Register in 

order to program or obtain the results after a particular command. The Status 

Register may only be read and is used to facilitate the transfer of data between the 


processor and uPD765. 


The relationship between the Status/Data registers and the signals RD, WR, and Aa 
is shown below. 


ee ee FUNCTION 
poo Tt __ Read Status Register 
a 
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INTERNAL REGISTERS 
(CONT.) 


PACKAGE OUTLINE 
uPD765C 


COMMAND SEQUENCE 
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The bits in the Main Status Register are defined as follows: 


Lerrwumecr | name [svmeor] oescriprion 
FDO number 0 is in the Seek mode. 
C18 FOO number 1 is in the Seek mode. 
[082 [F002 8uy [028 | FOO numer Fis nine Sek nose 
| 083 | FOO3Busy _—_—| 038 | FOO number 3 is in the Seek mode. 


FDC Busy cs A read or write command ts in 


process. 
[-~o85 | Non OMA mode | NOW _] 


The FOC is in the non-OMA mode. 
Oata tnput/Output 


indi¢ates direction of data transfer 
between FOC and Data Register. If 
BIO = 1" then transfer is from 
Data Register to the Processor. If 
O10 = "0", then transfer is from the 
Processor to Oata Register. 


Request for Master Indicates Data Register is ready to 
send or receive data to or from the 
Processor. Both bits O10 and ROM 
should be used to perform the hand- 
shaking functions of “ready” and 


“direction” to the processor. 


The DIO and ROM bits in the Status Register indicate when Data is ready and in which 
direction data will be transferred on the Data Bus. . 


Out FOC and into Processor 


Data In/Out 
(010) Out Processor and Into FOC 
1 D 
Ready ty 
Reauest for Master | 1 ‘ ; . 
(ROM) ee ' 1 ' 
1 Readv Dad root \ i! ! 
— ' 1 1 
Wa ro t ' 1 1, 1 
1 
1 


baa Gham" aca tence © po sae ae canes er ee id 
RO toe 
1 t t tot ! 1 ’ tub 
LAs] 4 feat ci ofc fofal a] 
Notes: iE] - Data register ready to be written into by processor 
~ Data register not ready to be written into by processor 
iCal — Data register ready fur next data byte to be read by the processor 


Hel} ~ Data register not ready for next data byte to be read by orocessor 


Cirem_[ wncmerens [nonce] 
[a | stemax | pos wax | 
es 
[ear 810 0.004] 
0.019 : 0.006 
19 
Cs ES Xe 


a ee 
Low fosmin | ooo min | 


The uPO765 is capable of performing 15 different commands, Each command is initiated by a 
muilti-byte transfer from the processor, and the result after execution of the cammand may also 
be a muiti-byte transfer back to the processor. Because of this multi-byte interchange of informa- 
tion between the uPD765 and the processor, it is convenient to consider each command as 
consisting of three phases: 

The FDC receives all information required to perform a particular 
operation from the processor. 


The FOC performs the operation it was instructed to do. 


After completion of the operation, status and other housekeeping 
information are made available to the processor. 


Command Phase: 


Execution Phase: 
Result Phase: 
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@PD765 INSTRUCTION SET @ @ 


DATA BUS DATA BUS 
D7 Og Ds 04 03 Dg Dy Og D7 De Os O04 03 Op O Qg 


READ DATA REAO A TRACK 
Command w Command Codes Command w Command Codes 
w w 
w Sector tO information prior w Sector 1D information prior 
Ww to Command execution w to Command execution 
w w . 
w if w 
w w 
w w 
w w 
Execution Oata-transfer between the Execution Data-transfer between the 
FOD and main-syscem FOD and main-system. FOC 
reads all of cylinders contents 
Resuit Status information after from index holé@to EOT. 
Command execution 
Status information after 
Sector 1D information after Command execution 
Command execution 
Sector iO information atrer 
Command execution 
Command w Command Codes 
‘i AEAD IO 
w Oo MF oO 1 0 t 0) Cc ints. 
w Sector (0 information prior : 1 ee 
w to Command execution _ x x X X X HO USI USO 
Ww Execution The first correct 10 information 
My on the Cylinder is stored in 
Data Register 
w eg 
w R Status information after 
R Command execution 
Execution Date-trensfer between the R 
FDO and main-system R Sector 10 information during 
Result Status information after a Execution Phase 
Command execution z 
Sector 1D information after FORMAT A TRACK 
Gomerend execucign w [Oo MF 0 0 1 1 ©  ¢ | Command Codes 
w x x -* XX XxX HO USI USO 
w N Bytes/Sector 
w SC Sectors/Treck 
Command w GPL Geo3 
w o Fitter Byte 
Sector 1D information prior FOC f ‘ fi 
+0 Gkaduuse ‘OC formers an entire cylinder 
R STO Status information after 
R sTt Command execution 
R st2 
R Ce (nm this case, the 1D information 
Rr 4 has no mesning 
m a R 
Execution Dete-transfer between the R N 
main-system and FOD = oa j " 
Result Status information after Ww 
Command execution 
Ww x x xX x& %& HO UST USO 
Sector 10 information etter w c Sector 10 information prior 
Command execution w eee to Command execution 
w R 
w N 
w €OT 
w GPL 
Command Codes w STP 


Oata-compared berween the 
FOD and main-system 


Sector 10 information prior 
to Command execution 

Status information after 
Command execution 


Sector 10 information after 
Command execution 


ZEPLZEE SE 


Execution : Date-transter between the 
FOO and main-system 


Result Status informacion after 
Command execution 


Sector (0 information after 


Command execution 


Note: @® Symbols used in this tabte are described at the end of this section. 
@® Ag should equai binary 1 for alt operations, 
@ X= Don’t care, usustly made to equal binary 0. 
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eas DATA BUS 
Os 0, D REMARKS D7 0g Og 04 03 02 0; 


SCAN LOW OR EQUAL 


MT MF SK 1 1°90 oO 1 1 Command Codes 
x xX X XX -»* HO USI usi uso 


Head retracted to Track O 


Command Codes 


Status intormation at the end 
of seek-operation about the FOC 


ZSETTEZE ZTE 


Date-compared between the 
FDO and main-system om: Command Codes 


SRT ee HUT 
HUT ——————~m ND 


SENSE DRIVE STATUS 
Sector tO information after omni o o1 (s) Qo Command Codes 
Command execution 

xX xX xX HO USI USO 


Status information after 
Command execution 


st3 Status information about FDO 


i) 4 Command Codes 
xX HO UST USO 


1 1 1 1 Command Codes 
X HO USi USO 


Sector 10 information prior 
NCN 


Command execution 
Heed is positioned over 


proper Cylinder on 
Diskette 


ZttSTESZE SE 


INVALIO 
Oata-compared between the : invalid Codes ee | Invalid Commana Codes 
FOO and mairesystem (NoOp — FOC goes into 


Status information after Standby State} 


Command execution ST 0=80 
(16) 

Sector 1D information after 

Command execution 


COMMAND SYMBOL 
DESCRIPTION 


symeo.} = Name DESCRIPTION 

4g Address Line 0 Ag controls selection of Main Status 
(Ag = 1) 

C stands for the current/selected Cytinder 
O stands for the data pattern which is 
going to be written into a Sector. 

07-09 8-bit Data Bus, where 07 stands for a most 
significant bit, and Og stands for a least 
significant bit. 

OTL Data Length i is 
the data length which users are going to 
fread out or write into the Sector. 

€or End of Track EOT stands for the final Sector number 
on a Cylinder. 

Head Address H stands for head number 0 or 1. as 
specified in 10 field. 
HD stands for 2 selected head number 0 
or 1, (H = HO in all command words.) 
Head Unioad Time HUT stands for the head unload time 
after a read or write operation has 
increments}. 
(f MF is low, FM mode ts selected, and if 
it is high, MEM mode is seiected. 


Register (Ag = 0) or Oata Register 
c Cylinder Number 
: (track) number 0 through 76 of the 
medium. 
When N is defined as 00. OTL stands for 
GPL Gap Length GPL stands for the jength of Gap 3 
(spacing between Sectors exciuding VCO 
Syne. Field). 
Head Load Time HUT stands for the head load time in the 
FOO (2 to 256 ms in 2 ms increments}. 
occurred (0 to 240 ms in 16 ms 
MT Muiti- Track \f MT is high, a multi-track operation is to 
be performed. {A cylinder under both 
HOO and HOt will be read or written.) 
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N N stands for the number of data bytes DESC R | PTION (CONT.) 
written in a Sector. 


NCN New Cylinder Number | NCN stands for a new Cylinder number, 
which is going to be reached as a resuit of the 
Seek operation. Desired position of Head. 


ND Non-DMA Mode ND stands for operation in the Non-DMA Mode. 


+ PCN Present Cylinder PCN stands for the Cylinder number at the com- 
Number pletion of SENSE INTERRUPT STATUS 
Command, Position of Head at present time. 
i oR Record R stands for the Sector number, which will 
| be read or written. 
1 RAW ! ReadMrite RAW stands for either Read {R) or Write (W) 
signal. 


sc SC indicates the number of Sectors per 
Cylinder. 


SK SK stands for Skip Deleted Data Address Mark. 


SRT Step Rate Time SRT stands for the Stepping Rate for the FOD. 
(1 to 16 ms in 1 ms increments.) Must be 
defined for each of the four drives. 


i 
1 
I 


STO Status 0 ST 0-3 stand for one of four registers which 

st Status 1 store the status information after a command 

ST2 Status 2 has been executed. This information is 

ST3 Status 3 available during the result phase after command 
execution. These registers should not be con- 
fused with the main status register (selected by 
Ag = 0). ST 03 may be read only after a com- 
mand has been executed and contain informatio 
relevant to that particular command. 

STP During 2 Scan operation, if STP = 1, the data in 


contiguous sectors is compared byte by byte 
with data sent from the processor (or OMA); 
and if STP = 2, then alternate sectors are read 
and compared. 


USO, US1 US stands for a selected drive number 0 or 1. 


SYSTEM CONFIGURATION 


8080 SYSTEM BUS 


Ao 
0807 

GL) 

Wa 

és 

INT 

RESET READ 


OATA 
WINDOW 


1 DATA 
WR DATA 


uPD8257 
OMA 
CONTROLLER 


ORIVE 
INTERFACE 


are) 
TERMINAL 
COUNT 
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During Command or Result Phases the Main Status Register (described earlier) must be 
read by the processor before each byte of information is written into or read from the 
Data Register. Bits D6 and D7 in the Main Status Register must be in a 0 and 1 state, 
respectively, before each byte of the command word may be written into the uPD765, 
Many of the commands require multiple bytes, and as a result the Main Status Register 
must be read prior to each byte transfer to the u4PD765. On the other hand, during the 
Result Phase, 06 and 07 in the Main Status Register must both be 1’s (D6 = 1 and 

D7 = 1) before reading each byte from the Data Register. Note, this reading of the 
Main Status Register before each byte transfer to the uPD765 is required in only the 
Command and Result Phases, and NOT during the Execution Phase. 


During the Execution Phase, the Main Status Register need not be read. If the uPD765 
is in the NON-OMA Mode, then the receipt of each data byte (if uPD765 is reading data 
from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation of a 
Read signal (RD = 0) will reset the Interrupt as well as output the Data onto the Data 
Bus. If the processor cannot handle Interrupts fast enough (every 13 ys) then it may 
poll the Main Status Register and then bit 07 (ROM) functions just like the Interrupt 
signal. [f a Write Command is in process then the WR signal performs the reset to the 
Interrupt signal. : 


If the 4PD765 is in the DMA Mode, no Interrupts are generated during the Execution 
Phase. The uPD765 generates DRQ’s (DMA Requests) when each byte of data is avail- 
able. The DMA Controller responds to this request with both a DACK = 0 (DMA 
Acknowledge) and a RD = 0 (Read signal). When the DMA Acknowledge signal goes 
low (DACK = 0) then the OMA Request is reset (DRQ = 0). If a Write Command has 
been programmed then a WR signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has occurred) then an Interrupt will occur 
(INT = 1), This signifies the beginning of the Result Phase. When the first byte of data 
is read during the Result Phase, the Interrupt is automatically reset (INT = 0). 


It is important to note that during the Result Phase all bytes shown in the Command 
Table must be read. The Read Data Command, for exampie has seven bytes of data in 
the Resuit Phase. All seven bytes must be read in order to successfully complete the 
Read Data Command. The uPD 765 will not accept a new command until ail seven 
bytes have been read. Other commands may require fewer bytes to be read during the 
Result Phase, 


The uPD765 contains five Status Registers. The Main Status Register mentioned above 
may be read by the processor at any time. The other four Status Registers (STO, ST1, 
ST2, and ST3) are only available during the Result Phase, and may be read only after 
successfully completing a command. The particular command which has been executed 
determines how many of the Status Registers will be read. 


The bytes of data which are sent to the uPD765 to form the Command Phase, and are 
read out of the uPD765 in the Result Phase, must occur in the order shown in the Com- 
mand Table. That is, the Command Code must be sent first and the other bytes sent in 
the prescribed sequence. No foreshortening of the Command or Result Phases are 
allowed, After the last byte of data in the Command Phase is sent to the uPD765, the 
Execution Phase automatically starts. In a similar fashion, when the last byte of data is 
read out in the Result Phase, the command is automatically ended and the uPD765 is 
ready for anew command. A command may be truncated (prematurely ended) by 
simply sending a Terminal Count signal to pin 16 (TC = 1). This is a convenient means 
of ensuring that the processor may always get the uPD 7656's attention even if the disk 
system hangs up in an abnormal manner. , 
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READ DATA FUNCTIONAL 
A set of nine (9) byte words are required to place the FDC into the Read Data Mode. After the Read Data DESCRIPTION OF 
command has been issued the FDC loads the head (if it is in the unioaded state), waits the specified head COMMANDS 


settling time (defined in the Specify Command), and begins reading ID Address Marks and ID fields. When 
the current sector number (‘R’’) stored in the 1D Register (1OR) compares with the sector number read off 
the diskette, then the FDC outputs data (from the data field) byte-to-byte to the main system via the data 
bus. 


After completion of the read operation from the current sector, the Sector Number is incremented by one, 
and the data from the next sector is read and output on the data bus. This continuous read function is called 
a “Muiti-Sector Read Operation.” The Read Data Command may be terminated by the receipt of a Terminat 
Count signal. Upon receipt of this signal, the FDC stops outputting data te the processor, but will continue 
to read data from the current sector, check CRC (Cyclic Redundancy Count) bytes, and then at the end of 
the sector terminate the Read Data Command. 


The amount of data which can be handled with a single command to the FDC depends upon MT (muiti- 
track), MF (MFM/FM}, and N (Number of Bytes/Sector), Table 1 below shows the Transfer Capacity. 


Multi Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector Read 
MT MF N (Bytes/Sector) (Number of Sectors} from Diskette 
(128) (26) = 3,328 26 at Side 0 
(256) (26) = 6,656 or 26 at Side 1 
(128) (52) = 6,656 : 
(256) (52) = 13,312 26 at Side 1 


(256) (15) = 3,840 16 at Side 0 
(512) (15) = 7,680 or 15 at Side 1 
(256) (30) = 7,680 

(512) (30) = 15,360 


(512) (8) = 4,096 8 at Side 0 
(1024) (8) = 8,192 or 8 at Side 1 
(512) (16) = 8,192 
teas eh = resee—| Sse | 


Table 1. Transfer Capacity 


The “multi-track” function (MT) allows the FDC to read data from both sides of the diskette. For a 
particular cylinder, data will be tansferred starting at Sector 0, Side 0 and completing at Sector L, Side 1 
(Sector | = last sector on the side). Note, this function pertains to only one cylinder (the same track) on 
each side of the diskette. 


When N = 0, then OTL. defines the data length which the FDC must treat as a sector. If DTL is smaller than 
the actual data length in a Sector, the data beyond OTL in the Sector, is not sent to the Data Bus. The FOC 
reads (internally) the complete Sector performing the CRC check, and depending upon the manner of com- 
mand termination, may perform a Multi-Sector Read Operation. When N is non-zero, then OTL has no 
meaning and should be set to FF Hexidecimal. 

At the completion of the Read Oata Command, the head is not unloaded until after Head Unioad Time 
Interval (specified in the Specify Command) has elapsed. !f the processor issues another command before 
the head unloads then the head settling time may be saved between subsequent reads. This time out is 
particularly valuable when a diskette is copied from one drive to another. 


If the FOC detects the Index Hole twice without finding the right sector, (indicated in “R“’), then the FOC 
sets the ND (No Data) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 
(Status Register 0 also has bits 7 and 6 set to 0 and 1 respectively.) 


After reading the ID and Data Fields in each sector, the FOC checks the CRC bytes. If a read error is 
detected (incorrect CRC in ID field), the FDC sets the DE (Data Error) flag in Status Register 1 to a 1 (high), 
and if a CRC error occurs in the Data Field the FDC also sets the OD (Data Error in Data Field) flag in 
Status Register 2 to a 1 (high), and terminates the Read Data Command. (Status Register 0 also has bits 7 
and 6 set to 0 and 1 respectively.) 

Status Register 2 to a 1 (high), and terminates the Read Oata Command. 


If the FDC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 0), then the FOC sets the OM (Control Mark) flag in Status Register 2 to a 1 (high), 
and terminates the Read Data Command, after reading all the data in the Sector. If SK = 1, the FOC skips 
the sector with the Deleted Data Address Mark and reads the next sector. 


During disk data transfers between the FDC and the processor, via the data bus, the FOC must be serviced’ 
by the processor every 27 us in the FM Mode, and every 13 ys in the MFM Mode, or the FDC sets the OR 
(Over Run) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 

\f the processor terminates a read (or write) operation in the FDC, then the ID Information in the Result 
Phase is dependent upon the state of the MT bit and EOT byte. Table 2 shows the values for C, H, R, and 
N, when the processor terminates the Command. 
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pe Poke joe Tow 


Final Sector Transferred to Processor 


Sector 1 to 25 at Side 0 
Sector 1 to 14 at Side 0 
Sector 1 to 7 at Side 0 


Sector 26 at Side 0 


Sector 15 at Side 0 
Sector 8 at Side 0 


1A 


Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 


Sector 1 to 25 at Side 0 
Sector 1 to 14 at Side 0 
Sector 1 to 7 at Side 0 


Sector 26 at Side 0 
Sector 15 at Side 0 
Sector 8 at Side 0 
Sector 7 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 
Sector 26 at Side 1 


Sector 15 at Side 1 
Sector 8 at Side 1 


Notes: 1 NC (No Change): The same vaiue as the one at the beginning of command execution. 
2 LSB (Least Significant Bit): The least significant bit of H is complemented. 


Table 2: 1D Information When Processor Terminates Command 
WRITE DATA 


A set of nine (9) bytes are required to set the FOC into the Write Oata mode. After the Write Data command 
has been issued the FDC loads the head (if it is in the unioaded state), waits the specified heat settling time 
(defined in the Specify Command}, and begins reading 1D Fields. When the current sector number (“R’’), 
stored in the ID Register (1OR) compares with the sector number read off the diskette, then the FOC takes 
data from the procassor byte-by-byte via the data bus, and outputs it to the FOD, 


After writing data into the current sector, the Sector Number stored in “R” is incremented by one, and the 
next data field is written into. The FDC continues this ‘’Multi-Sector Write Operation” until the issuance of 
a Terminal Count signal. If a Terminal Count signal is sent to the FOC it continues writing into the current 

sector ta complete the data field. If the Terminal Count signal is received while a data field is being written 

then the remainder of the data field is filled with 00 (zeros). 


The FDC reads the IO field of each sector and checks the CAC bytes. If the FOC detects a read error 
(incorrect CRC) in ane of the 1D Fields, it sets the O€ (Data Error) rag of Status Register 1 to a 1 (high), 
and terminates the Write Data Command, (Status Register 0 also has bits 7 and 6 sat to 0 and 1 respectively.) 


The Write Command operates in much the same manner as the Read Command. The following items are the 
same, and one should refer to the Read Data Command for details: 


« Transfer Capacity © Head Unioad Time Interval 
e EN (End of Cylinder) Flag ¢ 1D Information when the processor terminates command (see Table 2) 
e NO (No Data) Flag ¢ Definition of OTL when N = 0 and when N # 0 


In the Write Data mode, data transfers between the processor and FDC, via the Data Bus, must occur avery 
31 ys in the FM mode, and every 15 us in the MFM mode. If the time interval between data transfers is 
longer than this then the FDC sets the OR (Over Run) flag in Status Register 1 to a 1 (high), and terminates 
the Write Data Command. (Status Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 


WRITE DELETED DATA 


This command is the same as the Write Data Command except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data Address Mark. 


READ DELETED DATA 


This command is the same as the Read Data Command except that when the FOC cetects a Data Address 
Mark at the beginning of a Data Field (and SK = 0 (low), it will read all the data in the sector and set the 
MO flag in Status Register 2 to a 1 (high), and then terminate the command. If SK = 1, then the FOC skips 
the sector with the Data Address Mark and reads the next sector. 
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READ A TRACK FUNCTIONAL 
This command is similar to READ OATA Command except that this is a continuous READ operation DESCRIPTION OF 
where the entire contents of the track are read. Immediately after encountering the INDEX HOLE, the 

FOC starts reading all data on the track, Data are ail read as a continuous COMMANDS (CONT.} 


data stream. If the FDC finds an error in the 1D or DATA CRC check bytes, it continues to read data 
from the track. The FOC compares the ID information read from each sector with the value stored in the 
IDR, and sets the ND flag of Status Register 1 to a 1 (high) if there is no comparison. Multi-track or skip 
Operations are not allowed with this command, 

This command terminates when EOT number of sectors have been read (EOTmax = FFhex * 255dec). 
If the FDC does not find an ID Address Mark on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mask) flag in Status Register 1 to a 1 (high), and termi: 
nates the command, (Status Register 0 has bits 7 and 6 set to 0 and 1 respectively). 


READ 1D 

The READ 1D Command is used to give the present position of the recording head. The FOC stores the 
values from the first 1D Field it is able to read. If no proper |D Address Mark is found on the diskette, 
before the INDEX HOLE is encountered for the second time then the MA (Missing Address Mark) flag in 
Status Register 1 is set to a 1 (high), and if no data is found then the NG (No Data) flag is also set in Status 
Register 1 to a1 (high). The command is then terminated with Bits 7 and 6 in Status Register 0 set to 0 
and 1 respectively. 


FORMAT A TRACK 
The Format Command allows an entire track to be formatted. After the INDEX HOLE is detected, Data is 
written on the Diskette; Gaps, Address Marks, 10 Fields and Data Fields, all per the IBM System 34 (Double 
Density) or System 3740 (Single Density) Format are recorded. The particular format which will be written 
is controlled by the values programmed into N (number of bytes/sector), SC (sectorséylinder), GPL (Gap 
Length), and O (Data Pattern) which are supplied by the processor during the Command Phase. The Data 
Field is filled with the Byte of data stored in D. The 1D Field for each sector is supplied by the processor: 
that is, four data requests per sector are made by the FDC for C (Cylinder Number), H (Head Number), 
R (Sector Number) and N (Number of Bytes/Sector). This allows the diskette to be formatted with non 
sequential sector numbers, if desired. 
After formatting each sector, the processor must send new vaiues for C, H, R, and N to the uPO7665 for 
each sector on the track. The contents of the R register is incremented by one after each sector is 
formatted, thus, the FR register contains a value of R + 1 when it is read during the Result Phase. This 
incrementing and formatting continues for the whole cylinder until the FOC encounters the INDEX HOLE 
for the second time, whereupon it terminates the command. 

If a FAULT signal is received from the FOO at the end of a write operation, then the FDC sats the 
EC flag of Status Register 0 to a 1 (high), and terminates the command after setting bits 7 and 6 of Status 
Register 0 to O and 1 respectively. Also the loss of a READY signal at the beginning of a command 
execution phase causes bits 7 and 6 of Status Register 0 to be set to 0 and 1 respecitvely. 


Table 3 shows the relationship between N, SC, and GPL for various sector sizes: 


Lronmat | sectorsize [n| sc_| cer @{ cer @l remarks _| 


128 bytes/Sector IBM Diskette 1 
256 18M Diskette 2 
$12 


1024 bytes/Sector 
2048 
4096 


(BM Diskette 2D 


IBM Diskette 2D 


Table 3 


Note: @) Sugnested values of GPL in Read or Write Commands to avoid splice point between data field 
and !D field of contiguous sections. 


@ Suggested values of GPL in format command. 
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SCAN COMMANDS 


The SCAN Commands allow data which is being read from the diskette to be compared against data which 
is being supplied from the main system (Processor in NON-DMA mode, and DMA Controller in OMA mode}. 
The FDC compares the data on a byte-by-byte basis, and looks for a sector of data which meets the condi- 
tions of DFDD = DProcessor, DEDD < OProcessor, Of OFDO 2 OProcessor. Ones complement arith- 
metic is used for comparison (FF = largest number, 00 = smallest number). After a whole sector of data 

is compared, if the conditions are not met, the sector number is incremented (R + STP ~ R), and the scan 
operation is continued. The scan operation continues until one of the following conditions occur; the con- 
ditions for scan are met (equal, low, or high), the fast sector on the track is reached (EQT), or the terminal 
count signai is received, 


If the conditions for scan are met then the FOC sets the SH (Scan Hit) flag of Status Register 2 to a 1 
(high), and terminates the Scan Command. If the conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the cylinder (EOT), then the FDC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high), and terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or OMA Controtler during the scan operation will cause the 
FOC to complete the comparison of the particular byte which is in process, and then to terminate the com- 
maric. Table 4 shows the status of bits SH and SN under various conditions of SCAN. 


STATUS REGISTER 2 
COMMAND | COMMENTS 
BIT 2 = SN BIT3 = SH 


DEDD = DProcessor 
Scan Equal 
DFDO * OProcessor 


DEDD = OProcessor 
DFDOD < OProcessor 
OF DO * OProcessor 


Scan Low or Equal 


DFOO = OProcessor 
DFDO < OProcessor 
DEDD * OProcessor 


Sean High or Equai 


\f the FDC encounters a Deleted Data Address Mark on one of the sectors (and SK = 0}, then it regards the 
sector as the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FDC skips the sector with the Deleted Address Mark, and reads 
the next sector. in the second case (SK = 1), the FOC sets the CM (Control Mark) flag of Status Register 2 
toa 1 (high) in order to show that a Deleted Sector had been encountered, 


When either the STP (contiguous sectors = 01, or alternate sectors = 02 sectors are read) or the MT (Multi- 
Track) are programmed, it is necessary to remember that the last sector on the track must be read. For 
example, if STP = 02, MT = 0, the sectors are numbered sequentially 1 through 26, and we start the Scan 
Command at sector 21; the following will happen. Sectors 21, 23, and 25 will be read, then the next sector 
(26) will be skipped and the Index Hole will be encountered before the EOT value of 26 can be read. This 
will result in an abnonnal termination of the command. If the EOT had been set at 25 or the scanning 
started at sector 20, then the Scan Command would be completed in a normal manner. 


During the Scan Command data is supplied by either the processor or OMA Controller for comparison 
against the data read from the diskette. In order to avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to have the data available in less than 27 us (FM Mode) or 13 us (MFM Mode). If 
an Overrun occurs the FOC ends the command with bits 7 and 6 of Status Register 0 set to 0 and 1, 
respectively. 


SEEK 


The read/write head within the FDO is moved from cylinder to cylinder under contro! of the Seek 
Command, The FOC compares the PCN (Present Cylinder Number) which is the current head position 
with the NCN (New Cylinder Number), and if there is a difference performs the following operation: 


PCN < NCN: Direction signal to FDO set to a 1 (high), and Step Pulses are issued. (Step In.) 
PCN > NCN: Direction signal to FDD set to a 0 (low), and Step Pulses are issued. (Step Out.) 


The rate at which Step Pulses are issued is controlied by SRT (Stepping Rate Time) in the SPECIFY Com 
mand. After each Step Pulse is issued NCN is compared against PCN, and when NCN = PCN, then the SE 
{Seek End) flag is set in Status Register 0 to a 1 (high), and the command is terminated. 


During the Command Phase of the Seek operation the FOC is in the FOC BUSY state, but during the 
Execution Phase it is in the NON BUSY state. While the FOC is in the NON SUSY state, another Seek 
Command may be issued, and in this manner parallel seek operations may be done on up to 4 Orives at 
once. 


If an FOD is ina NOT READY state at the beginning of the command execution phase or during the seek 
operation, then the NR (NOT READY) flag is set in Status Register 0 to a 1 (high), and the command is 
terminated after bits 7 and 6 of Status Register 0 are set to O and 1 respectively. 
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RECALIBRATE FUNCTIONAL 
The function of this command is to retract the read/write head within the FDD to the Track 0 position. DESCRIPTION OF 
The FDC clears the contents of the PCN counter, and checks the status of the Track 0 signal from the COMMAN OS (CO NT ) 


FDD. As long as the Track 0 signal is low, the Direction signal remains 1 (high) and Step Pulses are issued, 
When the Track 0 signal goes high, the SE (SEEK END) flag in Status Register 0 is set to a 1 (high) and the 
command is terminated. 1f the Track 0 signal is still low after 77 Step Pulse have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags of Status Register 0 to both 1s (highs), and 
terminates the command after bits 7 and 6 of Status Register 0 is set to 0 and 1 respectively. 


The ability to do overlap RECALIBRATE Commands to multiple FODs and the loss of the READY signal, 
as described in the SEEK Command, also applies to the RECALIBRATE Command. 


SENSE INTERRUPT STATUS 
An Interrupt signal is generated by the FDC for one of the following reasons: 


1, Upon entering the Result Phase of: 
Read Data Command 

Read a Track Command 

Read 1D Command 

Read Deleted Data Command 
Write Data Commana 

Format a Cylinder Command 
Write Deleted Data Command 
Scan Commands 

2 Ready Line of FDD changes state 

3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-OMA Mode 


Interrupts caused by reasons 1 and 4 above occur during normal command operations and are easily dis- 
cernible by the processor. However, interrupts caused by reasons 2 and 3 above may be uniquely identified 
with the aid of the Sense Interrupt Status Command. This command when issued resets the interrupt signal 
and via bits 5, 6, and 7 of Status Register 0 identifies the cause of the interrupt. 


SEEK END INTERRUPT CODE 
BITS 


| ot 1 | + _| esty bine changed state ther polarity 
j 1 [| 0 [0 _[_ Normal Termination of Seek or Recalibrate Command — | Normal Termination of Seek or Recalibrate Command 


a ee ee Abnormal Termination of Seek or Recalibrate Command 


Table § 


Fe-ePaAnge 


Neither the Seek or Recalibrate Command have a Result Phase. Therefore, it is mandatory to use the Sense: 
Interrupt Status Command after these commands to effectively terminate them and to provide verification 
of where the head is positioned (PCN}. 


SPECIFY 


The Specify Command sets the initial vatues for each of the three internal timers. The HUT (Head Unioad 
Time) defines the time from the end of the Execution Phase of one of the Read/Write Commands to the 
head unload state. This timer is programmable from 0 to 240 ms in increments of 16 ms (00 = 0 ms, 01 = 
16 ms, 02 = 32 ms, etc.}. The SRT (Step Rate Time) defines the time interval between adjacent step 
pulses, This timer is programmabie from 1 to 16 ms in increments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, 
atc.). The HLT (Head Load Time) defines the time between when the Head Load signal goes high and when 
the Read/Write operation starts. This timer is programmable from 2 to 256 ms in increments of 2 ms 
{00 = 2 ms, 01 = 4.ms, 02=6 ms, ate.) 

The time intervals mentioned above are a direct function of the clock (CLK on pin 19). Times indicated 
above are for an 8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy application) then all time 
intervals are increased by a factor of 2. 


The choice of DMA or NON-DMA operation is made by the ND {NON-DMA) bit. When this bit is high 
(NO = 1) the NON-OMA mode is selected, and when ND = 0 the DMA mode is selected. 


SENSE DRIVE STATUS 


This command may be used by the processor whenever it wishes to obtain the status of the FDDs. 

Status Register 3 contains the Drive Status information. 

INVALID 

{f an invalid command is sent to the FOC {a command not defined above), then the FDC will terminate the 
command after bits 7 and 6 of Status Register 0 are set to 1 and 0 respectively. A Sense Interrupt Status 
Command must be sent after a Seek or Recalibrate Interrupt, otherwise the FDC will consider the next 
command to be an Invalid Command. 


4n some applications the user may wish to use this command as a No-Op command, to place the FOC in a 
standby or no operation state. 
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DESCRIPTION 


oe ge 
a 


| STATUS REGISTERO—“‘(‘“‘COé™C*” REGISTER 0 


07=0and Dg=0 
Interrupt Normal Termination of Command, (NT). Com- 
Code mand was completed and properly executed. 
D7 = O and Dg= 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not 
successfully — 
D7 = 1 and Dg= 
Invalid cond issue, (1C}, Command which 
was issued was never started. 
D7 = 1 and Dg= 1 
Abnormal Termination because during command 
execution the ready signal from FDD changed 
state. 


Seek End When the FDC completes the SEEK Command, 
Fe eae a this flag is set to 1 (high). 
\f a fault Signal is received from the FOD, or if 
the Track 0 Signal fails to occur after 77 Step 
Pulses (Recalibrate Command) then this flag is 


set 


Not Ready When the FDD is in the not-ready state and a 
read or write command is issued, this flag is set. 
If a read or write command is issued to Side 1 of 
a single sided drive, then this flag is set. 

Head HD This flag is used to indicate the state of the head 

Address at Interrupt. 


| Dy [unit Select 1 These flags are used to indicate a Drive Unit 
[Bo [unit Select of uso | Number at interrupt 


STATUS REGISTER 1 
eae ee ee When the FDC tries to access a Sector beyond 
ylinder the final Sector of a Cylinder, this flag is set. 
[Oe |__| ___| Not used. This bits aways O(low). 
eee | When the FDC detects a CRC error in either the 
1D field or the data field, this flag is set. 
pall alee deel If the FDC is not serviced by the main-systems 
during data transfers, within a certain time 
interval, this flag is set. 


}03 | ff Not used. This bit always 0 (low). 


D2 _~sCNo Data During execution of READ DATA, WRITE 
DELETED DATA or SCAN Command, if the 
FDC cannot find the Sector specified in the 1DR 
Register, this flag is set. 
During executing the READ 1D Command, if 
the FDC cannot read the ID field without an 
error, then this flag is set. 
During the execution of the READ A Cylinder 
Command, if the starting sector cannot be 
found, then this flag is set 
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DESCRIPTION 


Ouring execution of WRITE DATA, WRITE 
DELETED DATA or Format A Cylinder Com- 
mand, if the FDC detects a write protect signal 
from the FDO, then this flag is set. 


Do | Missing MA If the FDC cannot detect the 1D Address Mark 
Address after encountering the index hole twice, then 
Mark | 


Wrong 
Cylinder 


03 =| Scan Equal 
2 |i 
O2 | Scan Not 
Satisfied 
Dy Bad 
Cylinder 


Missing 


Control 
Mark 

Data Error in 
Data Field 


Address Mark 


in Data Fietd 


CM 


DD 


wc 


SH 


SN 


BC 


STATUS REGISTER 2 


ee eee Not used. This bit is always 0 (low). 


| 
If the FDC detects a CRC error in the data field 


this flag is set. 

!f the FDC cannot detect the Data Address Mark 
or Deleted Data Address Mark, this flag is set. 
Also at the same time, the MD (Missing Address 
Mark in Data Field) of Status Register 2 is set. 


During executing the READ DATA or SCAN 
Command, if the FDC encounters a Sector which 
contains a Deleted Data Address Mark, this 

flag is set. 


then this flag is set. 

This bit is related with the ND bit, and when the 
contents of C on the medium is different fram 
that stored in the IOR, this flag is set 

During execution, the SCAN Command, if the 
condition of ‘‘equal” is satisfied, this flag is set. 
During executing the SCAN Command, if the 
FDC cannot find a Sector on the cylinder which 
meets the condition, then this flag is set. 

This bit is related with the ND bit, and when the 
content of C on the medium is different fram 
that stored in the [DR and the content of C is 
FF, then this flag is set. 

When data is read from the medium, if the FDC 
cannot find a Data Address Mark or Deleted 
Data Address Mark, then this flag is set. 


STATUS REGISTER 3 


07 Fault FT This bit is used to indicate the status of the 
Fault signal from the FDO. 
Write WP This bit is used to indicate the status of the 
Protected Write Protected signal from the FDD. 
Ready RY This bit is used to indicate the status of the 
Ready signal from the FDO. 
Track 0 TO This bit is used to indicate the status of the 
. Track 0 signal from the FOOD. 
D3 | Two Side TS This bit is used to indicate the status of the 
Two Side signal from the FDO. 


Head Address| HD This bit is used to indicate the status of Side 
Select signal to the FDO. 
D4 Unit Select 1 Us 1 This bit is used to indicate the status of the Unit 
Select 1 signal to the FDD. 
Unit Select 0 uso This bit is used to indicate the status of the Unit 
Select 0 signal to the FDD. 
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Z80-DMA DIRECT MEMORY ACCESS CONTROLLER 
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TMESLTUPES 5 025 se: oi is 66's bin 6 d.o Sie vwile a [ble valle 0: 5r00!e0 8 0'0,0:ever'- a6, a eleale’e 
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Z-80 DMA 
Direct Memory Access 
Controller 


Product 
Specification 


September 1979 


Features @ Transfers, searches and search/transtfers in address registers. An entire previous 
byte-at-a-time, burst or continuous modes. sequence can be repeated automatically. 
Cycle length and edge timing can be pro- 


@ Extensi bility of functions. 
grammed to match the speed of any port. gia pd sear ee 


CPU can read complete channe! status. 

mw Dual port addresses (source and destination) —_w Standard Z-80 Family bus-request and 
generated for memory-to-V/O, memory- prioritized interrupt-request daisy chains 
to-memory, or V/O-to-/O oper ‘ations. implemented without external logic. 
Addresses may be fixed or automatically Sophisticated, internally modifiable inter- 
incremented/decremented. rupt vectoring. 


@ Next-operation loading without disturbing @ Direct interfacing to system buses without 


current operations via buffered starting- external logic. 
General The Z-80 DMA (Direct Memory Access) is a Transfers can be done between any two ports 

_ Deseription powerful and versatile device for controlling (source and destination), including memory-to- 
and processing transfers of data. Its basic VO, memory-to-memory, and I/O-te-/O. Dual 
function of managing CPU-independent port addresses are automatically generated for 
transfers between two ports is augmented by each transaction and may be either fixed or 
an array of features that optimize transfer incrementing/decrementing. In addition, bit- 
speed and control with little or no external maskabie byte searches can be performed 
logic in systems using an 8- or 16-bit data bus either concurrently with transfers or as an 
and a 16-bit address bus. operation in itself. 
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Functional 
Description 


The Z-80 DMA contains direct intertacing to 
and independent control of system buses, as 
well as sophisticated bus end interrupt con- 
trols. Many programmable features, including 
vaniable cycle timing and auto-restart, 
minimize CPU software overhead. They are 
especially useful in adapting this special- 


Classes of Operation. The Z-80 DMA has 
three basic classes of operation: 


@ Transfers of data between two ports (memory 
or VO peripheral 


m Searches for a particular 8-bit maskable 
byte at a single port in memory or an /O 
peripheral 

mg Combined transfers with simultaneous 
search between two ports 


Figure 4 illustrates the basic functions 
served by these classes of operation. 

During a transfer, the DMA assumes control 
of the system address and data buses. Data 1s 
read from one addressable port and written to 
the other addressable port, byte by byte. The 
ports may be programmed to be either system 
main memory or peripheral I/O devices. Thus, 
a block of data may be written from one 
peripheral to another, from one area of main 
memory to another, or from a peripheral to 
main memory and vice versa. 


EGA 
Tsca 
ascs 


a 


Figure 3. Typical 2-80 Environment 
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purpose transfer processor to 6 broad variety 
ut memory, /O and CPU environments. 

The Z-80 DMA is an n-channel silicon-gate 
depletion-load device packaged in 4 40-pin 
plastic or ceramic DIP. It uses a single +5 V 
power supply and the standard Z-60 ramily 
single-phase clock. 


During a search-only operation, data 1s read 
from the source port and compared byte by 
byte with DMA-internal register containing 4 
programmable match byte. This match byte 
may optionally be masked so that only certain 
bits within the match byte are compared. 
Search rates up to 1.25M bytes per second can 
be obtained with the 2.5 MHz 2-80 DMA or 2M 
bytes per second with the 4 MHz Z-80A DMA. 

In combined searches and transfers, data 
is transferred between two ports while 
simultaneously searching for a bit-maskable 
byte match. 

Data transfers or searches can be pro- 
grammed to stop or interrupt under various 
conditions. In addition, CPU-readable status 
bits can be programmed to reflect the 
condition. 


Modes of Operation. The 2-80 DMA can be 
programmed to operate in one of three transier 
and/or search modes: 


@. Byte-at-a-time: data operations are per- 
formed one byte at a time. Between each 
byte operation the system buses are releaseu 
to the CPU. The buses are requested again 
for each succeeding byte operation. 


@ Burst: data operations continue until a 
port's Ready line to the DMA goes inactive. 
The DMA then stops and releases the system 
buses after completing its current byte 
operation. 


®@ Continuous: data operations continue until 
the end of the programmed block of data is 
reached before the system buses are 
released. lf a port's Ready line goes inactive 
before this occurs, the DMA simply pauses 
until the Ready line comes active again. 


Figure 4. Banic Functions of the Z-80 DMA 
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In all modes, once a byte of data is read into 
the DMA, the operation on the byte will be 
completed in an orderly fashion, regardless of 
the state of other signals (including a port's 
Ready line). 

Due to the DMA’s high-speed buffered 
method of reading data, operations on one 
byte are not completed until the next byte is 
read in. This means that total transfer or 
search block lengths must be two or more 
bytes, and that block lengths programmed into 
the DMA must be one byte less than the 
desired block length (count is N-1 where N is 
the block length). 


Commands and Status. The Z-80 DMA has 
several writable control registers and readable 
status registers available to the CPU. Control 
bytes can be written to the DMA while the 
DMA is enabled or disabled, but the act of 
writing a control byte to the DMA disables the 
DMA until it is again enabled by a specific 
command. Status bytes can also be read at any 
time, but writing the Read Status command or 
the Read Mask command disables the DMA. 

Control bytes to the DMA include those 
which effect immediate command actions such 
as enable, disable, reset, load starting-address 
buffers, continue, clear counters, clear status 
bits and the like. In addition, many mode- 
setting control bytes can be written, including 
mode and class of operation, port configura- 
tion, starting addresses, block length, sddress 
counting rule, match and match-mask byte, 
interrupt conditions, interrupt vector, status- 
affects-vector condition, pulse counting, auto 
restart, Ready-line and Wait-line rules, and 
read mask. 

Readable status registers include a general 
status byte reflecting Ready-line, end-af-biock, 
byte-match and interrupt conditions, as weil as 
2-byte registers for the current byte count, 
Port A address and Port B address. 

Variable Cycle. The Z-80 DMA has the 
unique feature of programmable operation- 
cycle length. This is valuable in tailoring the 
DMA to the particular requirements of other 
system components (fast or slow) and max- 


imizes the data-transfer rate. It also eliminates | 


external logic for signal conditioning. 

There are two aspects to the variable cycle 
feature. First, the- entire read and write cycles 
(periods) associated with the source and 
destination ports can be independently pro- 
grammed as 2, 3 or 4 T-cycles long (more if 
Wait cycles are used), thereby increasing or 
decreasing the speed with which all DMA 
signals change (Figure 5). 
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Second, the four signals in each port 
specifically associated with transfers of data 
(VO Request, Memory Request, Read and 
Write) can each have its active trailing edge 
terminated one-half T-cycle early. This adds a 
further dimension of flexibility and speed, 
allowing such things as shorter-than-normal 
Read or Write signals that go inactive before 
data starts to change. 


Address Generation. Two 16-bit addresses are 
generated by the Z-80 DMA for every transfer 
or search operation, one address for the source 
Port A and another for the destination Port B. 
Each address can be either variable or fixed. 
Variable addresses can increment or decre- 
ment frorn the programmed starting address. 
The fixed-address capability eliminates the 
need for separate enabling wires to I/O ports. 

Port addresses are multiplexed onto the 
system address bus, depending on whether the 
DMA is reading the source port or writing to 
the destination port. Two readable address 
counters (2-bytes each) keep the current 
address of each port. 

Auto Restart. The starting addresses of either 
port can be reloaded automatically at the end 

of a block. This option is selected by the Auto 

Restart control bit. The byte counter is cleared 
when the addresses are reloaded. 

The Auto Restart feature relieves the CPU of 
software overhead for repetitive operations 
such as CRT refresh and many others. 
Moreover, the CPU can write different starting 
addresses into buffer registers during trans- 
fers, causing the Auto Restart to begin at a 
new location. 


Interrupts. The Z-80 DMA can be programmed 
to interrupt the CPU on four conditions: 


Interrupt on Ready (before requesting bus) 
@ Interrupt on Maich 
w Interrupt on End of Block 
@ Interrupt on Match at End of Block 


ponte frmefentmepen teal 


= 


Figure $. Variable Cycle Length 
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Functional Any of these interrupts cause an interrupt- In this process, CPU control is transferred’ 
Description pending status bit to be set, and each of them directly to the interrupt routine, so that the 
(Continued) can optionally alter the DMA's interrupt vec- next instruction executed after an interrupt 
tor. Due to the buffered constraint mentioned acknowledge is the first instruction of the inter. 
under “Modes of Operation,” interrupts on rupt routine itself. 
Match at End of Block are caused by matches Pulse G tion. Ext devi k 
5 ae byte just prior to the last byte in the face of oe cane Ses cave teen Wondee cs 
ock. P ; } 
er by using the DMA’s pulse output, which pre- 
; The DMA shares the 2-80 family = elaborate vides a signal at 256-byte intervals. The inter- 
interrupt scheme, which provides fast inter- val sequence may be offset at the beginning by 
rupt service in real-time applications. In a 1 to 255 bytes 
Z-80 CPU environment, the DMA passes its The Tater fina cutmitethe- plea ai : 
: : re gnal in 
internally modifiable 8-bit interrupt vector to a manne: Hie prevents Galehereaiaiion by 
the CPU, which adds an additional eight bits the CPU as an interrupt request, since it only 
to form the memory address of the interrupt- appears when the Bus Request aed Bus 
routine table. This table contains the address Acknowledge lines are both active 
af the beginning of the interrupt routine itself. . 
Pin Ag-Ats. System Address Bus (output, 3-state). WAIT line from memory or I/O devices, after 
Description Addresses generated by the DMA are sent to the DMA has received a bus-request ack- 


both source and destination ports (main 
memory or I/O peripherals) on these lines. 


BAT. Bus Acknowledge In (input, active Low). 
Signals that the system buses have been 
released for DMA control. In multiple-DMA 
configurations, the BA! pin of the highest 
priority DMA is normally connected to the Bus 
Acknowledge pin of the CPU. Lower-priority 
DMAs have their BAI connected to the of 
a: higher-priority DMA. 

BAO. Bus Acknowledge Out (output, active 
Low). In a multiple-DMA configuration, this 
pin signals that no other higher-priority DMA 
has. requested the system buses. AY and BAO 
form a daisy chain for multiple-DMA priority 
resolution over bus control. 


BUSRQ. Bus Request (bidirectional, active 
Low, open drain). As an output, it sends 
requests for control of the system address bus, 
data bus and control bus to the CPU. As an 
input when multiple DMAs are strung together 


-in a priority daisy chain via BAT and BAO, it 


senses when ancther DMA has requested the 
buses and causes this DMA to refrain from bus 
requesting until the other DMA is finished. 
Because it is a bidirectional pin, there cannot 


‘be any buffers between this DMA and any 


other DMA. It can, however, have a buffer 
between it and the CPU because it is unidirec- 
tional into the CPU. A pull-up resister is con- 
nected to this pin. 


CE/ WAIT. Chip Enable and Wait (input, 
active Low). Normally this functions only as a 
CE line, but it can also be programmed to 
serve a WAIT function. As a CE line from the 
CPU, it becomes active when WR and [ORG 
are active and the I/O port address on the 
system address bus is the DMA’s address, 
thereby allowing a transfer of control or com- 
mand bytes from the CPU to the DMA. Asa 
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nowledge from the CPU, it causes wait states 
to be inserted in the DMA's operation cycles 
thereby slowing the DMA to a speed that 
matches the memory or I/O device. 


CLE. System Clock (input). Standard 2-80 
single-phase clock at 2.5 MHz (Z-80 DMA) or 
4.0 MHz (Z-80A DMA). For slower system 
clocks, a TTL gate with a large pullup resistor 
may be adequate to meet the timing and 
voltage level specitication. For higher-speed 
systems, use a clock driver with an active 
pullup to meet the Vyy specification and 
risetime requirements. 


De-D7. System Dota Bus (bidirectional, 
3-state). Commands from the CPU, DMA 
status, and data from memory or /O 
peripherals are transferred on these lines. 


TEL. /nterrupt Enable In (input, active High). 
This is used with IEO to form a priority daisy 
chain when there is more than one interrupt- 
driven device. A High on this line indicates 
that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 


IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from this 
DMA. Thus, this signal blocks lower-priority 
devices from interrupting while a higher- 
Priority device is being serviced by its CPU 
interrupt service routine. 

INT. Interrupt Request (output, active Low, 
open drain). This requests a CPU interrupt. 
The CPU _acknowledges the interrupt by pull- 
ing its | output Lew during an: M1] cycle. 
It is typieally connected to the INT pin of the 
CPU with a pullup resistor and tied to all other 
INT pins in the system. 


fORQ. Input/Output Request (bidirectional, 
active Low, 3-state). As an input, this indicates 
that the lower half of the address bus holds a 
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valid VO port address for transier of control or 
status bytes from or to the CPU, respectively; 
this DMA is the addressed port if its CE pin 
and its WH or RD pins are simultaneously 
active. As an output, after the DMA has taken 
control of the system buses, it indicates that 
the lower half of the address bus holds a valid 
port address for another I/O device involved in 
a DMA transfer of data. When IORQ and Ml 
are both active simultaneously, an interrupt 
acknowledge is indicated. 


ML Machine Cycle One (input, active Low). 
Indicates that the current CPU machine cycle 
is an instruction fetch. It is used by the DMA 
to decode the return-from-interrupt instruction 
(RETI) (ED-4D) sent by the CPU. During two- 
byte instruction fetches, Ml is active as each 
opcode byte is fetched. An interrupt ack- 
nowledge is indicated when both M! and 
{ORG are active. 


MREQ. Memory Request (bidirecticnal, active 
Low, 3-state). This indicates that the address 
bus holds a valid address for a memory read or 
write operation. As an input, it indicates that 
contrel or status information from or to memory 
{s to be transferred to the DMA, if the DMA’s 
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CE and WH or RD lines are simultaneously 
active. As an output, after the DMA has taken 
control of the system buses, it indicates a DMA 
transfer request {rom or to memory. 


RD. Read (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to read status bytes from the DMA’s read 
registers. As an output, after the DMA has 
taken control of the system buses, it indicates 4 
DMA-controlled read from a memory or /O 
port address. 


WR. Write (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to write control or command bytes to the DMA 
write registers. An an output, after the DMA 
has taken control of the system buses, it 
indicates a DMA-controlled write to a memory 
or V/O port address. 


RDY. Aeady (input, programmable active Low 
or High). This is monitored by the DMA to 
determine when a peripheral device associated 
with a DMA port is ready for a read or write 
operation. Depending on the mode of DMA 
operation (byte, burst or continuous), the RDY 
line indirectly controls DMA activity by caus- 
ing the BUSRQ line to go Low or High. 


laternal 
_ Structure 


The internal structure of the Z-80 DMA 
includes driver and recsiver circuitry for inter- 
facing with an 8-bit system data bus, a 16-bit 
system address bus, and system control lines 
(Figure 6). In a Z-80 CPU environment, the 
DMA can be tied directly to the analogous pins 
on the CPU (Figure 7) with no additional buf- 
fering, except for the CE/WATT line. 

The DMA’s internal data bus interfaces with 
the system data bus and services all internal 
logic and registers. Addresses generated from 
this logic for Ports A and B (source and des- 
tination) of the DMA’s single transfer channel 
are multiplexed onto the system address bus. 


Specialized logic circuits in the DMA are 
dedicated to the various functions of external 
bus interfacing, internal bus control, byte 
matching, byte counting, periodic pulse 
generation, CPU interrupts, bus requests, and 
address generation. A set of twenty-one 
writable control registers and seven readable 
status registers provide the means by which 
the CPU governs and monitors the activities of 
these logic circuits. All registers are aight bits 
wide, with double-byte information stored in 
adjacent registers. The two starting-address 
registers (two bytes each) for Ports A and B 
are buffered. 


Figure 6. Block Diagram 
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The 21 writable control ragisters are 
organized into seven base-register groups, 
most of which have multiple registers. The 
base registers in each writable group contain 
both control/command bits and pointer bits 
that can be set to address other registers within 
the group. The seven readable status registers’ 
have no analogous second-level registers. 

The registers are designated as io:lows, 
according to their base-register groups: 

WRO-WR6 — Write Register groups 0 

through 6 (7 base registers plus 14 associ- 

ated registers) 

RRO-RR6 — Read Registers 0 through 6 

Writing to a register within a write-register 
group involves first writing to the base 
register, with the appropriate pointer bits set, 
then writing to one or more of the other 
registers within the group. All seven of the 
readable status registers are accessed sequen- 
tially according to a programmable mask con- 
tained in one of the writable registers. The sec- 
tion entitled “Programming” explains this in 
more detail. 

A pipelining scheme is used for reading data 
in. The programmed block length is the 
number of bytes compared to the byte counter, 
which increments at the end of each cycle. In 
searches, data byte comparisons with the 
match byte are made during the read cycie of 
the next byte. Matches are, therefore, dis- 
covered only after the next byte is reed in. 

In multiple-DMA configurations, interrupt- 
request daisy chains are prioritized by the 
order-in which their IEI and [EO lines are con- 
nected (Zilog Application Note 03-0041-01, The 
2-80 Family Program Interrupt Structure). The 
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system bus, however, may not be pre-empted. 
Any DMA that gains access to the system buses 
keeps them until it is finished. 


Write Registers 


WRO Base register byte 
Port A starting address (low byte) 
Port A starting address (high byte) 
Block length (low byte) 
Block length (high byte) 

Base register byte 
Port A variable-timing byte 

Base register byte 
Port B variable-timing byte 

Base register byte 
Mask byte 
Match byte 

Base register byte 
Port B starting address (low byte) 
Port B starting address (high byte) 
Interrupt control byte 
Pulse. control byte 
Interrupt vector 

Base register byte 


Base register byte 
Read mask 


Read Registers 
RRO Status byte 
RR1 Byte counter (low byte) 
RR2 Byte counter (high byte) 
RR3 Port A address counter (lew byte) 
RR4 = Port A address counter (high byte) 
RRS Port B address counter (low byte) 
RR6~ Pert B address counter (high byte) 


TO NEXT OMA 


TO LOWER-PMORITY 
INTERAUPTING OEVICE 


Figure 7, Muitipie-OMA Interconnection to the 2-80 CPU 
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The Z-80 DMA has two programmable fun- 
damental states: (1) an enabled state, in which 
it can gain control of the system buses and 
direct the transfer of data between ports, and 
(2) a disabled state, in which it can initiate 
neither bus requests nor data transfers. When 
the DMA is powered up or reset by any means, 
it is automatically placed into the disabled 
state. Program commands can be written to it 
by the CPU in either state, but this auto- 
matically puts the DMA in the disabled state, 
which is maintained until an enable command 
is issued by the CPU. The CPU must program 
the DMA in advance of any data search or 
transter by addressing it as an [/O port and 
sending a sequence of control bytes using an 
Output instruction (such as OTIR for the 
2-80 CPU). 


Writing. Control or command bytes are writ- 
ten into one or more of the Write Register 
groups (WRO-WR6) by first writing to the base 
register byte in that group. All groups have 
base registers and most groups have additional 
associated registers. The associated registers 
in a group are sequentially accessed by first 
writing a byte to the base register containing 
register-group identification and pointer bits 
(1‘s) to one or more of that base register’s 
associated registers. 

This is illustrated in Figure 8. In this figure, 
the sequence in which associated registers 
within a group can be-written to is shown by 
the vertical position of the associated registers. 
For example, if a byte written to the DMA con- 
tains the bits that identify WRO (bits DO, Dl 
and. D7), and also contains 1's in the bit posi- 
tiens that point to the associated “Port A Start- 
ing Address (low byte)” and “Port A Starting 
Address (high byte),” then the next two bytes 
written to the DMA will be stored in these two 
registers, in that order. 


Reading. The Read Registers (RRO-RA6) are 
read by the CPU by addressing the DMA as an 
VO port using an Input instruction (such as 
INIR fer the Z-80 CPU). The readable bytes 
contain DMA status, byte-counter values, and 
port addresses since the last DMA reset. The 
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registers are always read in a fixed sequence 
beginning with RRO and ending with RR6. 
However, the register read in this sequence is 
determined by programming the Read Mask in 
WRE6. The sequence of reading is initialized by 
writing an Initiate Read Sequence or Set Read 
Status command to WR6. After a Reset DMA, 
the sequence must be initialized with the 
Initiate Read Sequence command or a Read 
Status command. The sequence of reading all 
registers that are not excluded by the Read 
Mask register must be completed before a new 
Initfate Read Sequence or Read Status 
command. 


Fixed-Address Programming. A special cir- 
cumstance arises when programming a desti- 
nation port to have a fixed address. The load 
command in WR6 only loads a fixed address to 
4 port selected as the source, not to 4 port 
selected as the destination. Therefore, a fixed 
destination address must be loaded by tem- 
porarily declaring it a fixed-source address 
and subsequently declaring the true source as 
such, thereby implicitly making the other a 
destination. 

The following example illustrates the steps in 
this procedure, assuming that transfers are to 
oceur from a variable-address source (Pert A) 
to a fixed-address destination (Port 3): 


1. Temporarily declare Port B as source in 
WRO. 


2. Load Port B address in WRE. 

3. Declare Port A as source in WRO. 
4. Load Port A address in WRE. 

S. Enable DMA in WRE6. 


Figure 9 illustrates a program to transfer 
data from memory (Port A) to a peripheral 
device (Port B). In this example, the Port A 
memory starting address is 1050y and the Port 
B peripheral fixed address is 054. Note that 
the data flow is 10014 bytes—one more than 
specified by the block length. The table of 
DMA commands may be stored in consecutive 
memory locations and transferred to the DMA 
with an output instruction such as the Z-80 
CPU's OTIR instruction. 


Rend Register 2 

CTT rcs a 

Reed Register 3 
CT nr ase cmee a re 
Read Reyimear 4 
CT vr sen ore 
Read Register 5 

PORT © AGORESS COUNTER Cow eYTS 
Read Register ¢ 

PORT © AGORERS COUNTER own SYTH 


Figure 6a. Read Registers 
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Write Regimar 4 
Oy Oy Dy % Oy O % 
|} 1 | ease neaisten evry 
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STATUS AFFECTS VECTOR 01 
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a a 
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CF 1 6 0 0 1 © RESET PORT A Tamera TO STANOARG 7-28 CPU Teme, 
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Inactive 
State Timing 
(DMA as CPU 
Peripheral) 


In its inactive state, the DMA is addressed 
by the CPU as an I/O peripheral for write and 
read (control and status) operations. Write 
timing is illustrated in Figure 10. 

Reading of the DMA's status byte, byte 
counter or port address counters is illustrated 


Figure 10. CPU-to-DMA Write Cycle 
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in Figure 11. These operations require less 
than three T-cycles. The CE, [ORG and 

RD lines are made active over two rising edges 
of CLK, and data appears on the bus approx- 
imately one T-cycie after they become active. 


Figure 11. CPU-to-DMA Read Cycle 


Active State 
Timing 
(DMA as Bus 
Controller) 


The DMA is active when it takes control of 
the system bus and begins transferring data. 
Default Read and Write Cycles. By default, 
and after reset, the DMA’s timing of read and 
write operations is exactly the same as the Z-80 
CPU's timing of read and write cycles for 
memory and I/O. peripherals, with one excep- 
tion: during a read cycle, data is latched on 
the falling edge of T3 and held on the data bus 
across the boundary between read and write 
cycles, through the end of the following write 
cycle. 

Figure 12 illustrates the timing for memory- 
to-l/O port transfers and Figure 13 illustrates 
UV/O-to-memory transiers. Memory-to-memory 
and I/O-to-I/O transter timings are simply per- 
mutations of these diagrams. 

The default timing uses three T-cycles for 
memory transactions and four T-cycles for /O 
transactions, which include one automatically 


inserted wait cycle between T2 and T3. If the 
CE/WAIT line is programmed to act asa 
WAIT line during the DMA's active state, it is 
sampled on the falling edge of Tz for memory 
transactions and the falling edge af Tw for VO 
transactions. If CE/WAIT is low during this 
time another T-cycle is added, during which 
the CE/WAIT line will again be sampled. The 
duration of transactions can thus be indef- 
initely extended. 


Variable Cycle and Edge Timing. The Z-80 
DMA’s default operation-cycle length for the 
source (read) port and destination (write) port 
can be independently programmed. This 
variable-cycie feature allows read or write 
cycles consisting of two, three or four T-cycles 
(more if Wait cycles are inserted), thereby - 
increasing or decreasing the speed of all 
signals generated by the DMA. In addition, 


Figure 12. Memory-to-l/O Transter 
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Figure-13. 1/O-to-Memory Transiee 


the trailing edges of the [ORO, MREO, RD and 
signals can be independently terminated 

one-half cycle early. Figure 14 illustrates this. 

In the variable-cycle mode, unlike default 
timing, IORQ comes active one-half cycle 
before MREQ, RD and WH. CE/WAIT can be 
used. to extend only the 3 or 4 T-cycle variable 
cycles. It is sampled at the falling edge of Tz 
for 3- or 4-cycle memory cycles, and at the 
falling edge of T3 for 4-cycle YO cycles. 

During transfers, data is latched on the 
clock edge causing the rising edge of RD and 
held until the end of the write cycle. 
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Bus Requests. Figure 15 illustrates the bus 
request and acceptance timing. The RDY line, 
which may be programmed active High or 
Low, is sampled on every rising edge of CLK. 
It it is found to be active, and if the bus is not 
in use by any other device, the following rising 
edge of CLK drives BUSRO low. After receiv- 
ing BUSRQ, the CPU acknowledges on the 
BAI input either directly or through a 
multiple-DMA daisy chain. When a low is 
detected on BAI for two consecutive rising 
edges of CLK, the DMA will begin transferring 
data on the next rising edge of CLK. 


Figure 15. Bus Request and Acceptance 
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Bus Release Byte-at-a-Time. In Byte-at-a- 
Time mode, BUSRQ is brought high on the 
rising edge of CLK prior to the end of each 
read cycle (search-only) or write cycle 
(transfer and transfer/search) as illustrated in 
Figure 16. This is done regardless of the state 
ot RDY. There is no possibility of confusion 
when a Z-80 CPU is used since the CPU can- 
not begin an operation until the following 
T-cycle. Most other CPUs are not bothered by 
this either, although note should be taken of it. 
The next bus request for the next byte will 
come aiter both BUSRO and BAI have 
returned high. 


Bus Release at End of Block. In Burst and 
Continuous modes, an end of block causes 


BUSRQ to go High usually on the same rising 


edge of CLK in which the DMA completes the 
transfer of the data block (Figure 17). The last 
byte in the block is transferred even if RDY 
goes inactive before completion of the last byte 
transfer. 


Bus. Release on Not Ready. In Burst mode, 
when RDY goes inactive it causes BUSRQ to 
ge High on the next rising edge of CLK after 
the:completion of its current byte cperation 
(Figure 18). The action on BUSRQ is thus 
somewhat delayed from action on the RDY 
line. The DMA always completes its current 
byte operation in an orderly fashion before 
releasing the bus. 

By contrast, BUSAQ is not released in Con- 
tinuous mede:-when RDY gees inactive. 
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Figure 18. Bus Release (Byte-at-a-Time Mode) 
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Figure 18. Bus Release When Not Ready (Burst Mode) 
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Instead. the DMA idies alter completing the 
current byte operation, awaiting an active 
RDY again. 


Bus Release on Match. If the DMA is pro- 
grammed to stop on match in Burst or Con- 
tinuous modes, a match causes B to go 
inactive on the rising edge of CLK after the 
next byte following the match (Figure 19). Due 
to the pipelining scheme, matches are deter- 
mined while the next byte is being read. 
Matches at End-of-Block are, therefore, act- 
ually matches to the byte immediately 
preceding the last byte in the block. 

The RDY line can go inactive after the 
matching operation begins without affecting 
this bus-release timing. 


Interrupts. Timings for interrupt acknowledge 
and return from interrupt are the same as tim- 
ings for these in other Z-80 peripherals. Reter 
to Zilog Application Note 03-0041-01 (The Z-80 
Family Program Interrupt Structure). 

Interrupt on RDY (interrupt before 

esting bus) does not directly affect the 

BUSRO line. Instead, the interrupt service 
routine must handle this by issuing the follow- 
ing commands to WR6: 


1. Enable after Return From Interrupt (RETI) 
Command — Hex B7 


2. Enable DMA — Hex 87 


3. An RETI instruction thet resets the [US 
lateh in the Z-80 DMA. 


Figure 17. Bus Release at End of Block 
(Burst and Continuous Modes) 
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Figure 19. Bus Release on Match 
(Burst and Continucus Modes) 
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Absolute Voltages on all inputs and outputs Stresses greeter than-those listed under Absolute Maxi- 
Maximum with respect toGND.......... -0.3 Vito +7.0V mum Ratings may cause permanent damage to the device. 
Ratin AK i Thia is 4 stress rating only; operation of the device at any 
gs Operating Ambient condition above those indicated in the operational sections 
Temperature Under Bias ...As Specified Under of these specifications is not !mplied. Exposure to absolute 
“Ordering Information” maximum rating conditions lor extended periods may ailect 
device reliability. 
Storage Temperature........ -65°C to +150°C 
Voltage On Any Pin with 
Respect to Ground........... -0.3 Vto+7V 
Power Dissipation ................005: LSW 
Standard The characteristics below apply for the 
Test following standard test conditions, unless . 
Conditions otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- 7. 
enced pin. Standard conditions are as follows: Let pod 
#+4.75V Vo 5s +5. V =“ *} 
w= GND =0V + 4 
g0°C s Ta = +70°C 
All ac parameters assume a load capacitance output signals assume a load difference of 
of 100 pF max. Timing references between two 50 pF max. 
1», o Symbol Parameter Min Max Unit Test Condition 
Character- 
istics Vue Clock Input Low Voltage 0.3 0.45 Vv 
Vinc Clock Input High Voitage Voeo-6 5.5 Vv 
Va Input Low Voltage 0.3 0.8 v 
Vin Input High Voltage 2.0 5.5 Vv 
Vor Output Low Voltage 0.4 V lo, = 3.2mA for BUSRO 
lo, * 2.0 mA for all others 
Vou Output High Voltage 2.4 Vlog 2 BOpA 
lee Power Supply Current 
2-80 DMA iso. mA 
2-80A DMA 200 mA 
ly Input Leakage Current 10 pA Vy = Oto Vee 
lon Tri-State Output Leakage Current in Float 10 wA Vout = 2.4 to Voc 
lot Tri-State Output Leakage Current in Float -10 pA Vour 2 0.4V 
lip Data Bus Leakage Current in Input Mode £10 pA 08VysVec 
Veo « $V 25% unless ctherwse specified, over specified temperature range. 
Capacitance Symbol Parameter Min Mex Unit Test Condition 
c Clock Capacitance 3 pF Unmeasured Pins 
Cy Input Capacitance pF Returned to Ground 


Cour 


Output Capacitance 10 


{ = | MHz, ower specilied temperature range. 
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Inactive 2-80 DMA 2-804 DMA 
State Number Symbol Parameter Min Max Min Max Unit 
AG - 
Character- 1 Te Clock Cycle Time 400 4000 280 4000 ne 
isties 2  TwCh Clock Width (High) 170 2000 108 2000 ns 
3. Tw) Clock Width (Low) 170 2000 108 2000 ns 
4 Tre Clock Rise Time 30 e's) ns 
$ TiC Clock fail Time 30 30 ns 
6 Th Hold Time for Any Specified Setup Time 0 0 ns 
7. TsC(Cr) TORG, WR, CE | to Clock | Setup 280 145 ns 
8 TdDO{RDF) AD! to Data Output Delay 500 380 ns 
9 TsWM(Cr) Data In to Clock t Setup (WR or M1) So 50 ns 
10  TdCHDO) TOR | to Data Out Delay (INTA Cycle) 340 160 ns 
11 TaRO(Dz) RD | to Data Float Delay (output buffer 
disable) 160 110 na 
12 TsIEKIORQ) [ET to TORO | Setup (INTA Cycle) 140 140 ns 
13 TdIEOr(IEIr) LEI! to IEO t Delay 210 160 ns 
14 Tdi EOH( TEL) IEI | to IEO | Delay 190 130 ns 
18 TdMI{(LEO) MI | to IEO | Delay (interrupt just prior to 
MI}) 300 190 ns 
16  TsMIKCr) MI | to Clock 1 Setup 210 90 ns 
17 TsM1r(Ch) MI 1 to Clock | Setup 20 0 ns 
18 = TsRD(C) AD | to Clock 1 Setup (MI Cycle) 240 115 ns 
19 = TdI(INT) Interrupt Cause to INT | Delay (INT generated 
only when DMA is inactive) 500 500 ns 
20 TdBAINBAOr) BAI! to BAG | Delay 200 150 ns 
21 TdBAIKBAOH BAI | to BAS | Delay 200 180 ns: 
sn die ve 


ae, 
Fer 


fla 
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2-30 DMA 2-80A DMA 
Number Symbol Parameter Min(os) Maxi(ns) Min(ns) Max(nr!? 
1 TeC Clock Cycie Time 400 250 
2  TwCh Clock Width (High) 180 2000 110 2000 
3. TwCl Clock Width (Low) 180 2000 110 2000 
4 Tre Clock Rise Time . 30 30 
§ TIC Clock Fall Time 30 30 
6 TdA Address Output Delay 145 110 
7 TdC(Az) Cleek | to Address Float Delay 110 90 
8 TsA{MREQ) Address to MAEQ | Setup (Memory Cycle) (2) +(5)-75 (2) +(S)-75 
9 TsACIRW) Address Stable to TOR, RD, WH | Setup 
(VO Cycle) (1)-80 (1)-70 
10 TdRW(A) RD, WH 1 to Addr. Stable Delay (3) + (4)-40 (3) +(4)-50 
1!  TdRW(Az) HD, WE ! to Addr. Float (3) +(4)-60 (3) +(4)-45 
12. TdCHDO) Clock ! to Data Out Delay 20 150 
13 TdCx{Dz) Clock f to Data Float Delay (Write Cycle) 90 $0 
14 TsDI(Cr) Data In to Clock [| Setup (Head cycle when 
falling edge ends read) 50 xs 
iS = TsDKCH Data In to Clock | Setup (Read cycle when 
falling edge ends read) 50 
16 TsDOCWEM) Data Out to WH | Setup (Memory Cycle) (1)-210 (1)=170 
17 TsDCXWH) Data Cut to WH !Setup (I/O cycle) 100 100 
18 TdWriDO) WR t to Data Out Delay (3) +(4)-80 (3) + (4)-70 
19 Th Hold Time for Any Specified Setup Time (0) ce] 
"20 TdCxMf) = Clock 1 to MREC | Delay 100 8s 
214 =TdCKMN Clock | to MREG | Delay 100 8s 
2 = TdCr(Mr) + Clock | to MREQ | Delay 100 8s 
2% TdCKMr) Clock | to MHEG | Delay 100 8s 
24“ TwM1 MHEG Low Pulse Width (1)=40 (1-30 
28 «~TwMb REG High Pulse Width (2) +(5)-30 (2) +(§)-20 
26 4=TdCrif) Clock ! te [ORG | Delay 90 78 
2 TdCiKI Clock ! to ORO | Delay 110 8s 
2 TdCrilr) Clock ! to [OR 1 Delay 100 as 
2 TdCiIr) Clock | to TORO 1 Delay 110 85 
30 TdCrRf) Clock t to KD | Delay 100 as 
31 TdCE(RE) «= Clock. | to HD | Delay 130 95 
32 TdCriRr) Clock f to RD | Delay 100 8s 
33 «TdCKRr) «= Clock |} to AD | Delay 110 a5 
3% 8 TdCrWH Clock ! to WH i Delay 80 65 
38 TdCICWH Clock | to WE ! Delay 90 80 
*36 TdCr(Wr) Clock t to WH ft Delay 100 86 
37.0 «- TdCi(Wr) = Clock | to WH I Delay 100 80 
3. TwWl WR Low Pulse Width (1)-40 (1)=30 
39 «TsWA(CD WAIT to Clock | Setup 70 70 
40 TdCr(B) Clock | to SUSHG Delay 100 100 
41 TdCriiz) Clock | to ORO, MREG, RD, WR Float 
Deiay 100 80 
NOTES: 


|. Numbers in parentheses are other paramecer-numbert in this table: ther values should be substituted in equatons. 
2. All equations imply DMA default (standard) timing. 

3. Data omast be enabied onto data bus when RD is active. 
4. Amensk (*) beiore parameter number means the parameter 1s not illustrated in the AC Timing Diagrams. 
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B-40 FDC-2800/2801 Floppy Disk Controller 
Device Specifications 


Package 
Dimensions 


40-Pin Plastic Package 


—) ayzs | 2088 sarw eos 1 Leus [Lace 


40-Pin Ceramic Package 
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FDC-2800/2801 Floppy Disk Controller 
Floppy Disk Interface 


APPENDIX C 


FLOPPY DISK INTERFACE 


The connection between the disk drive and the floppy disk controller board 
is made via a ribbon (flat) cable as shown below. A 50-pin cable is used 
for 8-inch floppy disk drives, and a 34-pin cable is used for 5-1/4-inch 
drives. The 8" drive cable plugs into Jl, and the 5-1/4" drive cable 
Plugs into J2. See figure C-l, below. 

Caution: Care should be taken to make sure that pin 1 


mates to pin 1 throughout the system. Damage may occur 
to a disk drive that is connected improperly: 


50 pin 
> Pin 1 connector 


~— Pin 1 
ae; ae 34 pin 
connector 
> (J2) 
~~ FDC2800/01 


Component Side 


Figure C-1 Floppy disk drive interconnect cabling. 
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FDC-2800/2801 Floppy Disk Controller 
Floppy Disk Interface 
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FDC~2800/2801 Floppy Disk Controller 
Jl Pin Connections 


Pin # 


10 


14 


18 


20 


22 


APPENDIX D 


J1 PIN CONNECTIONS 


Note: All odd-numbered pins are connected to ground. 


Name 


TRACK 43 


FAULT RESET 


FAULT 


DUAL 


HEAD SELECT 


HEAD LOAD 


INDEX 


READY 


Description 


Output -- when low when the track is greater than 
or equal to Track 43. 


Output -- when low resets possible fault condition 
in drive. . 


Input -- when low indicates a fault condition in 
the drive. 


Input -- when low indicates that the drive is 
two-sided. 
Output -- when low selects side two on the drive 


selected at the time. 


Output -- when low loads the head of the drive 
which is selected. 


Input -- index pulse from drive solenoid. 


Input -- when low indicates when drive selected is 
ready 
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44 


46 


RDDATA 


FDC-2800/2801 Floppy Disk Controller 
Jl Pin Connections 


Description 


a ep ee I 


Outputs -- represents the binary encoded drive 
number to be selected (26 = LSB, 32 = MSB). 


Qutput -- goes low when the drive 
to a higher track. 


Is to be stepped 


Output ~- pulses low once to step (move) the head 


one track. 
Output -- data to be written on the disk. 


Output -- when low allows write current to flow 
through head. 


Input -- is low when head is over Track 0. 
Input -~ is low when disk is write protected. 


Input -- data read from disk. 
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FDC-2800/2801 Floppy Disk Controller 
J2 Pin Connections 


Pin # 


APPENDIX E 


J2 PIN CONNECTIONS 


Note: All odd-numbered pins are connected to ground. 


Name 


SEL4 
INDEX 


SEL1, 
SEL2, SEL3 
DIR 


STEP 


WRDATA 


WRITEN 


TRACKOO 


RDDATA 


HEAD SELECT 


Description 


Output ~~ MSB of drive select. (See Jl pin 32.) 
Input -- index pulse from drive solenoid. 

Outputs -~ LSBs of drive select lines (10 = LSB, 
see Jl pins 26, 28 and 30). 


Output -—- goes low when the drive is to be stepped 
to a higher track. 


Output -- pulses low once to step (move) the head 
one track. 


Output -~ data to be written on the disk. 


Output -- when low allows write current to flow 
through head. 


Input -- is low when head is over Track 0. 
Input -- data read from disk. 


Output --— when low selects side two on the drive 
selected at the time. 
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FDC-2800/2801 Floppy Disk Controller 
Typical Drive Strapping 


APPENDIX F 


TYPICAL DRIVE STRAPPING 


This Appendix contains specific applications informa 
tion for several specific configurations of floppy disk 
drives. Information is given to guide the user in con- 
figuring both the FDC-2800/2801 Floppy Disk Controller 
and the specific model of disk drive in use. 


MEE MODEL 700 .cccccccccscccccccccccccccnecceceseecssssseessesessssece 
MITSUBISHI MODEL M2984 ..ccccccccccccvccccccnccccesscccccscssccesccese 
NEC MODEL FD1160 wo cece ccc rcccncccvcccesccccccsccnecssccsscescceseeee 
QUME DATA TRACK 8 ccosccccescccccvccccccsccessccssnacscesnsccceseecece 
REMEX MODEL RFD4000 2... cccccccccccccccccvesccseccncccesesesssessescece 
SHUGART MODEL 400 .ccccccncccccccnsencccccccsccssccscesccesccsessccese 
SHUGART MODEL 800/801 ..cccsccccccceccccccccccccscssnscscsssvesesesecs 
SHUGART MODEL 850/851 .cccccccvcncvcccncccnccncecncsecessencesescccecs 
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F-2 
F-3 
P-4 
F-5 
F-6 
F-7 
F-8 
F-9 


F-2 FDC~2800/2801 Floppy Disk Controller 
Typical Drive Strapping 


F.1 MFE MODEL 700 


F.1.1 Write Precompensation 

Set the Write Precompensation value to 125 nS on the outer tracks, and 250 
nS on the inner tracks. Follow all applicable instructions in paragraphs 
3.2, 3.8 and 3.9. 

F.1.2 Disk Drive Jumpers 


Remove all jumpers on the disk drive. Install jumpers as follows: 


Jumper J3 Jumper L-1 
Jumper J1-4, J1-8 Jumper SSI 
Jumper RHL Jumper J3 
Jumper J10 Jumper SE2 
Jumper J4 Jumper WP1 
Jumper J7 Jumper Jll, HS1 


Leave all etch trace options as delivered fron the MFE factory in their 
original condition. 


Note: Place terminators in one (only) of the drives 
connected to the FDC 2800/2801. 
F.1.3 Drive Select 


Strap the DS (drive select) jumpers as follows: 


drive C 
drive D 


drive A DS3 
drive B ps4 


Dsl 
DS2 


hott 
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FDC-2800/2801 Floppy Disk Controller F-3 
Typical Drive Strapping 


F.2 MITSUBISHI MODEL M2894 


F.2.1 Write Precompensation 


Set the Write Precompensation value to zero in Jumper Area "B". Follow 
all applicable instructions in paragraph 3.2. 


F.2.2 Disk Drive Jumpers 


Remove all jumpers on the disk drive. Install jumpers as follows: 


Jumper E Jumper R 

Jumper Y Jumper IW to GW 

Jumper 2S Jumper NSF 

Jumper IT Jumper ST1 : 
Jumper I Jumper JP2, JP4,JUP7, JP8 
Jumper S2 Jumper WP 


Leave all etch trace options as delivered from the Mitsubishi factory in 
their original condition. 


Note: Place terminator (IC A5) in one (only) of the 
drives connected to the FDC 2800/2801. 

F.2.3 Drive Select 

Strap the DS (drive select) jumpers as follows: 


Dsl 
DS2 


drive A DS3 
drive B ps4 


drive C 
drive D 
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F—4 FDC-2800/2801 Floppy Disk Controller 
Typical Drive Strapping 


F.3 NEC MODEL FD1160 


F.3.1 Write Precompensation 

Set the Write Precompensation value to 125 nS on the outer tracks, and 125 
nS on the inner tracks. Follow all applicable instructions in paragraphs 
3.2, 3.8 and 3.9. 

F.3.2 Disk Drive Jumpers 


Remove all jumpers on the disk drive. Install jumpers as follows: 


Jumper C Jumper FPL 
Jumper PRI Jumper DLD 
Jumper N Jumper FU 
Jumper HLS Jumper N 


Leave all etch trace options as delivered from the NEC factory in their 
original condition. 


Note: Place terminators (RN 1,2) in one (only) of the 
drives connected to the FDC 2800/2801. 

F.3.3 Drive Select 

Strap the DS (drive select) jumpers as follows: 


Dsl 
DS2 


drive Cc 
drive D 


drive A Ds3 
drive B DS4 
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FDC-2800/2801 Floppy Disk Controller F=-5 
Typical Drive Strapping 


F.4 QUME DATA TRACK 8 


F.4.1 Write Precompensation 

Set the Write Precompensation value to 125 nS on the outer tracks, and 250 
nS on the inner tracks. Follow all applicable instructions in paragraphs 
3.2, 3.8 and 3.9. 

F.4.2 Disk Drive Jumpers 


Remove all jumpers on the disk drive. Install jumpers as follows: 


Jumper 25 Jumper R* 
Jumper C Jumper I* 
Jumper A* Jumper Y* 
Jumper B* . Jumper DS 


The five jumpers marked "*" are part of a DIP strap assembly. 


Leave all etch trace options as delivered from the Qme factory in their 
original condition. 


Note: Place terminators in one (only) of the drives 
connected to the FDC 2800/2801. 

F.4.3 Drive Select 

Strap the DS (drive select) jumpers as follows: 


Dsl 
DS2 


drive C 
drive D 


drive A DSs3 
drive B DSs4 
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F=6 FDC-2800/2801 Floppy Disk Controller 
Typical Drive Strapping 


F.5 REMEX MODEL RFD4000 


F.5.1 Write Precompensation 


Set the Write Precompensation value to 125 nS on the outer tracks, and 125 
nS on the inner tracks. Follow all applicable instructions in paragraphs 
3.2, 3.8 and 3.9. 


F.5.2 Disk Drive Jumpers 


Remove all jumpers on the disk drive. Install jumpers as follows: 


Jumper R* Jumper A* 
Jumper 2S Jumper B* 
Jumper 4000 Jumper Z* 
Jumper I* Jumper S2 
Jumper DS Jumper -5 


The five jumpers marked "*" are part of a DIP strap assembly. 


Leave all etch trace options as delivered from the Remex factory in their 
original condition. 


Note: Place terminators in one (only) of the drives 
connected to the FDC 2800/2801. 

F.5.3 Drive Select 

Strap the DS (drive select) jumpers as follows: 


drive C 


[Sl = drive A ps3 
= drive D 


DS2 = drive B t64 
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FDC-2800/2801 Floppy Disk Controller F-7 
Typical Drive Strapping 


F.6 SHUGART MODEL 400 


F.6.1 Write Precompensation 

Set the Write Precompensation value to zero in Jumper Area "BY". Follow 
all applicable instructions in paragraph 3.2. 

F.6.2 Disk Drive Jumpers 


Remove (open) all jumpers on the disk drive. Install one jumper as 
follows: 


Jumper HM 
Leave all etch trace options as delivered from the Shugart factory in 
their original condition. 
F.6.3 Drive Select 
Strap the DS (drive select) jumpers as follows: 


Dsl 
DS2 


drive A DS3 = drive C 
drive B 
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F-8 FDC~2800/2801 Floppy Disk Controller 
Typical Drive Strapping 


F.7 SHUGART MODEL 800/801 


F.7.1 Write Precampensation 

Set the Write Precompensation value to 125 nS on the outer tracks, and 250 
nS on the inner tracks. Follow all applicable instructions in paragraphs 
3.2, 3.8 and 3.9. 

F.7.2 Disk Drive Jumpers 


Remove all jumpers on the disk drive. Install jumpers as follows: 


Jumper ¥ Jumper L 
Jumper C Jumper A 
Jumper TL Jumper B 
Jumper 800 Jumper DS 


Leave all etch trace options as delivered from the Shugart factory in 
their original condition. : 


Note: Place terminators (jumpers T2, T3, T4, T5 and T6) in only 
one of the drives connected to the FDC 2800/2801. 


F.7.3 Drive Select 


Strap the [DS (drive select) jumpers as follow: 


i] 


‘ drive C 
drive D 


Dsl 
DS2 


drive A DS3 
drive B ps4 
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FDC-2800/2801 Floppy Disk Controller F-9 
Typical Drive Strapping 


F.8 SHUGART MODEL 850/851 


F.8.1 Write Precompensation 

Set the Write Precompensation value to 125 nS on the outer tracks, and 250 
nS on the inner tracks. Follow all applicable instructions in paragraphs 
3.2, 3.8 and 3.9. 

F.8.2 Disk Drive Jumpers 


Remove all jumpers on the disk drive. Install jumpers as follows: 


Jumper 2S Junper 850 
Jumper C Jumper S2 
pha a 4 Junper IW 
umper Jumper FS 
eat es R* aaipee RS 
Jumper I* Jumper DS 
Jumper Y* Jumper AF 
Jumper M 


Leave all etch trace options as delivered from the Shugart factory in 
their original condition. 


Note: Place terminators in one (only) of the drives 
connected to the FDC 2800/2801. 
F.8.3 Drive Select 


Strap the DS (drive select) jumpers as follows: 


drive C 
drive D 


drive A Ds3 
drive B DS4 


[sl 
DS2 
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FDC-2800/2801 Floppy Disk Controller 
Timing Waveforms 


APPENDIX G 


TIMING WAVEFORMS 


This Appendix contains timing diagrams for the most im 
portant synchronous operations within the FDC-2800/2801 
Floppy Disk Controller. 


SECTOR BUFFER RAM WRITE TIMING .....cccccccccccccccccccccccccccccccses G2 
SECTOR BUFFER RAM READ TIMING .....cccccccccccccccce ee oe - G-3 
uPD765A DMA TRANSFER TIMING (DISK READ OPERATION) ccc recccccescccsccee G4 
uPD765A DMA TRANSFER TIMING (DISK WRITE OPERATION) ....cccccsceces eeee G-5 
INPUT/OUTPUL READ TIMING cccccsw ewe tcadaelcs seis c ems nieeeecsesosws weeeee G-6 
INPUT/OUTPUP WRITE TIMING ........... oereiesisce st Face ccc cnneccencces Prt on Cf 


Note: All diagrams in this Appendix were made by a 
Biamation model K100D Logic Analyzer, utilizing a 
SYSTEMS GROUP CPC-2800 4 MHz Z80 Central Processing 
Unit. 
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G-2 ; FDC-2800/2801 Floppy Disk Controller 


G.1 SECTOR BUFFER RAM WRITE TIMING 


G.1.1 Timing Waveforms 


TIMI par X16 «CLOCK «18 ASEC DELAY S@®@ CLOCKS 


RDY T: S@@ CX 498) RX S75) RC = +85¢ 6. B5xS) 


G.1.2 Channel Identification 


Timing Waveforms 


Channel F -- RAM address stable (U21, pin 8) 


Channel E -- Memory request MREQP 


Channel D -— RAM chip select (U30, 


(US, pin 12) 


pin 8) 


Channel C -- Write signal WRP (U5, pin 18) 


SYSTEMS GROUP Technical Manual 


FDC=-2800/2801 Floppy Disk Controller G-3 
Timing Waveforms 


G.2 SECTOR BUFFER RAM READ TIMING 


G.2.1 Timing Waveforms 


T THINGS x18 CLOCK 18 aSEC DELAY 35@@ CLOCKS 


RDY T: S@@ CX 491) R¢ S76) R-C = +85¢ 6. 85xS) 


G.2.2 Channel Identification 


Channel F -— RAM address stable (U21, pin 8) 
Channel E -- Memory request MREQP (U5, pin 12) 
Channel D -— RAM chip Select (U30, pin 8) 


Channel C -- Write signal WRP (US, pin 18) 
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G-4 FDC-2800/2801 Floppy Disk Controller 
Timing Waveforms 


G.3  uPD765A DMA TRANSFER TIMING (DISK READ OPERATION) 


Note: The following timing diagrams apply to the 
FDC-2800 Floppy Disk Controller only. 


G.3.1 Timing Waveforms 


TIMING A XK) ee 10 nSEC DELAY 788 CLOCKS 


TG?- T: 3@8 CC 304) RX 638) RC = +326¢ 3, 26¥S) 


G.3.2 Channel Identification 


Channel F -—- RDY (uPD765A U8, pin 14) 
Channel E -- Bus request (U46 pin 1) 
Channel D — DBCON (U35, pin 1) 
Channel Cc — RDP (U5, pin 14) 
Channel 9 — WRP (U5, pin 18) 


Channel A -—— NECACK (U18, pin 12) 
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FDC-2800/2801 Floppy Disk Controller 
Timing Waveforms 


G.4 uPD765A DMA TRANSFER TIMING (DISK WRITE OPERATION) 
Note: The following timing diagrams apply to the 
FDC-2800 Floppy Disk Controller only. 


G.4.1 Timing Waveforms 


TIMING A Xi pal 1@ aSEC DELAY 78@ CLOCKS 


F. 


TG? T: 30@ Ct 34> RX 6302 R-C = +326¢ 3. 2648) 


G.4.2 Channel Identification 


Channel F -=- RDY (uPD765A U8, pin 14) 
Channel E —— Bus request (U46 pin 1) 
Channel D — DBCON (U35, pin 1) 
Channel C — RDP (US, pin 14) 
Channel 9 — WRP (U5, pin 18) 


Channel A — NECACK, (U18, pin 12) 
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G-6 


FDC~2800/2801 Floppy Disk Controller 


G.5 INPUT/OUTPUT READ TIMING 


G.5.1 Timing Waveforms 


TIMING Bs X19 = CLOCH «18 ASEC DELAY 788 CLOCKS 


SP dO] 


286 336 386R 


RDY T: 30@ C< 287> R¢ 374) R-C = 487¢ @, 874S) 


G.5.2 Channel Identification 


Timing Waveforms 


Channel F -— I/O request (U5, pin 16) 


Channel E -- Chip select (U18, pin 15) 


Channel D — RDP (U5, pin 14) 


Channel C -- WRP (U5, pin 18) 
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FDC-2800/2801 Floppy Disk Controller 
Timing Waveforms 


G.6 INPUT/OUTPUT WRITE TIMING 


G.6.1 Timing Waveforms 


TIMING a %1@ = = CLOCK «18 ASEC DELAY 788 CLOCKS 


Spores dees bese denceteceetecesteceetereetersebeneateenetesebeessteesetesee tenes beeysbeereteeeed 


286 336 386R 


RDY T: 30@ C¢ 287) R< 374) RC = +87¢ @. 8745) 


G.6.2 Channel Identification 


Channel F -—- I/0 request (US, pin 16) 
Channel E -- Chip select (U18, pin 15) 
Channel D -- RDP (U5, pin 14) 


Channel C -- WRP (U5, pin 18) 
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Timing Waveforms 
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FDC-2800/2801 Floppy Disk Controller 
Circuit Board Layout 


APPENDIX H 


CIRCUIT BOARD LAYOUT 


This Appendix consists of a diagram showing the phys- 
ical location of the major elements of the FDIC- 
2800/2801 Floppy Disk Controller. Locations of the 
Jumper Areas are also indicated. (See Chapter 3.) 
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FDC-2800/2801 Floppy Disk Controller 
Circuit Board Layout 


SYSTEMS GROUP Technical Manual 


FDC-2800/2801 Floppy Disk Controller 
Schematic Diagram 


APPENDIX I 


SCHEMATIC DIAGRAM 


This Appendix consists of the complete electrical sche- 
Matic diagram of the FDC-2800/2801 Floppy Disk Con- 
troller. 
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FDC-2800/2801 Floppy Disk Controller 
Schematic Diagram 
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